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ANALYSIS  OF  CENTRAL  TOTAL  ENERGY 
SYSTEMS  AT  MILITARY  FACILITIES 


1 INTRODUCTION 


Background 

lolal  encrp^  ( Tl.)  syslems*  oiler  the  potential  for 
iistnij  lossil  fuels  more  effieiently  than  eonventional 
energy  plants.  .Mtliough  the  lolal  eneigy  eoneepi  is  not 
new.  the  increasing  cost  of  fossil  fuels  has  renewed 
interest  in  the  idea.  Since  I ‘>74,  the  Department  of 
Defense  ( DoD)  has  required  a feasihiliiy  study  of  lolal 
energy,  selective  eneigy.**  and  huill-up  heat  pump 
sysiems  for  each  major  new  construction  and  lehabil- 
italion  project.'  Other  government  agencies,  such  as 
the  Department  of  Housing  and  llrhan  Development 
(HUD),  are  advancing  the  use  of  total  energy  systems 
in  the  civilian  sector.^ 

Because  ol  the  DoD  directive  cited,  the  U.  S.  Army 
Corps  ot  Engineers  has  a particular  responsibility  for 
the  application  of  it  systems  in  the  facilities  of  the 
U.  S.  .Army  and  U.  S.  Air  Force.  The  Office  of  the 
Chict  of  Engineers  (OCE)  has  issued  instructions’ 
supplementing  the  DoD  directive  and  providing  addi- 
tional guidance  for  preparing  feasibility  studies.  As  pan 
of  the  Corps  effort,  the  U.  -S.  .Army  Constriiclion 
Engineering  Kesearch  laboratory  (CERE)  has  con- 
ducted several  studies  ol  the  methods  of  I'E  system 
feasibility  assessment  and  design,  as  well  as  the  standard 
practices  ol  ci>inputeri/ed  piediclion  of  energy  loads  in 
buildings  and  computer  simulation  ol  energy  plants  for 
buildings.  I hese  studies  are  desertbed  in  the  Previous 
CERL  Research  section. 


*A  total  energy  plant  produces  electrical  energy  to  meet 
the  electrical  demand  and  recovers  waste  heal  to  meet  the 
thermal  demand. 

••.Selective  energy  plants  meet  the  thermal  demand  while 
producing  electricity;  additional  electric  power  is  purchased 
from  the  local  utility  to  meet  peak  electrical  demand  and  is 
returned  when  power  production  exceeds  demand. 

' ModifUation  0/  Dol)  Constriiclion  Criteria  Manual 4270. 1- 
M (Department  of  Defense.  1.1  September  1974). 

^ Total  Encrfty  Systems.  HUD-381 -I’DR  (Department  of 
Housing  and  Urban  Development.  December  1974). 

^Engineering  Instructions  for  Preparation  of  Eeasihililv 
Studies  for  Total  Energy.  .Selecliee  Energy,  and  Ileal  Pump 
Systems lOtncc  of  the  Chief  of  Engineers  [OCE| , I July  1975). 


One  aspect  of  TE  system  feasibility  not  studied  m 
previous  CERE  ' search  is  the  effect  of  several  TE 
plants  on  the  lolal  energy  production  efficiency  of  a 
military  installation.  It  is  conceivable  that  several  total 
energy  plants  might  be  built  in  a series  of  major  con- 
struction projects  at  a given  installation.  While  each 
plant  would  be  si/.ed  and  operated  to  perform  opiinially 
for  the  load  it  was  to  serve,  the  comhined  performance 
of  the  plants  over  the  aggregate  of  loads  might  not  be 
optimal,  particularly  if  the  loads  were  rather  diverse. 
It  is  also  conceivable  that  individual  projects  might  not 
prove  to  he  feasible,  whereas  a TE  system  for  the 
aggregate  would.  These  questions  prompted  the  current 
study. 

Objective 

Ihe  objeclives  of  this  study  were  ( 1 ) to  study  the 
potential  of  cenirali/.ed  TE  systems  for  improving  (he 
elficiency  and  economies  achieved  using  multiple 
regional  TE  syslems,  and  (2)  to  develop  energy  and 
life-cycle  cost  analysis  procedures  for  Corps  District 
Engineer  personnel  and  contracted  architect-engineers 
to  use  in  assessing  the  performance  of  central  vs. 
regional  TE  systems. 

This  report  is  for  use  by  District  Engineer  personnel 
and  contracted  architect-engineers,  as  well  as  for  the 
guidance  of  headquarters  personnel. 

Approach 

The  energy  requirements,  load  distributions,  extent 
of  existing  TE  systems,  central  distribution  systems, 
fuel  availability,  and  new  construction  plans  at  the  10 
largest  energy-consuming  Army  installations  were 
analy^ed  to  determine  if  large-scale  TE  plants  are 
feasible  on  military  installations  (Chapter  2). 

■A  method  was  then  developed  for  determining  loads 
for  groups  of  buildings  to  be  served  by  central  TE 
systems  (Appendix  A)  and  for  analyzing  central  vs. 
regional  TE  systems  (Chapter  3). 

Einally.  the  CERE-developed  Building  Eoads  Anal- 
ysis and  System  Thermodynamics  (BEAST)  program 
was  used  to  evaluate  candidate  TE  system  concepts  for 
a case  study  involving  Fort  Bragg.  NC  (Chapter  4).  The 
evaluation  considered  integration  with  existing  and 
planned  energy  plants,  load  management,  fuel  and 
water  requirements,  and  life-cycle  costs.  Manpower 
requirements  and  skills  were  rellecled  by  labor  rales 
used  m the  BEAST  program. 

Scope 

This  report  discusses  application  of  computer-aided 
Icasibility  analysis  in  determining  the  number,  si/c. 


<■) 


I and  generic  design  of  TH  plants  that  will  minimize 

total  fuel  consumption  for  given  energy  demands  on  a 
i military  installation.  It  does  not  discuss  design  details 

of  specific  items  of  equipment. 

Previous  CERL  Research 

The  first  CERL  total  energy  study^  described  the 
problems  encountered  in  the  feasibility  assessment  and 
! design  of  TE  systems,  outlined  the  general  framework 

of  a computational  model  for  solving  these  problems, 
' and  described  the  data  required  to  validate  such  a 

model. 

A second  study’  provided  procedural  guidance  for 
! performing  feasibility  analysis  and  preliminary  design 

i for  heat-recovery  systems.  This  study  also  showed  that 

■ a computer  simulation  program  consisting  of  an  energy 

I load  profile  generator,  an  equipment  performance 

analysis  submodel,  and  an  economic  analysis  submodel 
was  required  to  perform  TE  studies.  The  program  would 
determine  load  profiles  for  heating,  cooling,  hot  water, 
and  electricity  as  functions  of  building  parameters, 
building  use  patterns,  and  weather  data. 

; 

i CERL  developed  such  a computer  simulation  model 

[ -the  BLAST  program’ -to  perform  energy  and  life- 

; cycle  cost  analyses  of  conventional,  total  energy,  and 

selective  energy  systems.  The  model  can  be  applied  to 
1 groups  of  buildings  as  well  as  to  single  ones.  Nearly 

optimal  candidate  energy  systems  can  be  chosen,  and 
performance  of  specific  components  during  final  plant 
design  can  be  estimated. 

A third  TE  study’  was  conducted  to  provide  a 

■ systematic  procedure  for  applying  the  BLAST  program 

1 in  the  feasibility  and  design  phases  of  a TE  project  in 

; order  to  conform  to  the  DoD  and  OCE  directives. 


^D.  C.  Hittle,  Total  Energy  and  Total  Utility  Systems  for 
Conservation  of  Resources.  Interim  Report  E-61/ADA023244 
(U.  S.  Army  Construction  Engineering  Research  Laboratory 
(CERL) , November  1974). 

^Procedures  for  Feasibility  . inalysis  and  Preliminary  Design 
of  Total  Energy  Systems  at  .Military  Facilities.  Technical  Re- 
port E-96/ADA033756  (CERL,  November  1976). 

’d.  C.  Hittle,  et  al..  The  Building  Loads  .Analysis  and  System 
Thermodynamics  Program.  Technical  Report  (Draft)  (CERL, 
1977). 

’d.  C.  Hittle,  Use  of  the  Building  Loads  Analysis  and  System 
Thermodynamics  Program  to  Perform  Total  Energy  Analysis. 
Interim  Report  E-108  (CERL,  June  1977). 


2 POTENTIAL  FOR  CENTRAL  TOTAL 
ENERGY  SYSTEM  APPLICATIONS 


While  the  concepts  of  total  energy  are  well  known, 
it  has  not  been  cleat  whether  application  of  these  con- 
cepts to  military  facilities  would  be  economical.  The 
Army  has  no  TE  plants  of  the  type  used  to  provide 
electrical,  heating,  and  cooling  energy,  althougli  one 
post -Fort  Richardson,  AK-has  a plant  that  provides 
both  electrical  and  heating  energy. 

To  roughly  determine  the  prospect  of  economical 
application  of  TE  concepts  to  military  facilities,  the 
energy  requirements  of  the  10  most  energy -consumptive 
Army  installations  were  examined  (Table  1).  Ranking 
is  by  thermal-to-electrical  demand  ratio.  The  electrical 
demands  (first  column  of  Table  1)  are  met  by  pur- 
chasing electrical  energy  from  a commercial  utility 
company,  while  the  thermal  demands  (second  column) 
are  met  with  various  sized  boiler  plants  on  post. 

For  electrical  production  alone,  an  Army  installa- 
tion cannot  economically  compete  with  a utility  com- 
pany, because  the  utility  company  can  use  its  much 
larger  demand  base  and  diversity  to  obtain  large  econ- 
omies of  scale.  An  installation  can  compete,  however, 
if  it  can  use  the  waste  thermal  energy  generated  during 
electrical  production  to  offset  part  of  its  costs  for  heat 
energy.  Since  utility  companies  seldom,  if  ever,  have 
customers  for  their  waste  heat,  they  can  obtain  plant 
efficiencies  only  on  the  order  of  30  percent.  Army 
installations,  on  the  other  hand,  have  large  thermal 
demands  and  can  thus  achieve  overall  plant  efficiencies 
as  high  as  70  percent,  easily  offsetting  the  economy-of- 
scale  advantages  of  utility  companies.  To  achieve  this, 
however,  an  installation  must  have  sufficient  thermal 
demand  occurring  when  the  waste  energy  from  elec- 
trical production  is  available. 

TE  plants  generally  have  an  overall  efficiency  of 
approximately  two-thirds,  with  one-third  of  the  input 
energy  typically  going  to  electrical  production,  one- 
third  to  recoverable  thermal  energy,  and  one-third  as 
lost  waste  heat.  Thus,  on  an  annual  basis,  the  ratio  of 
usable  waste  thermal  demand  to  electrical  demand  is 
1:1.  However,  because  the  electrical  and  thermal 
demand  profiles  are  usually  not  equal,  a greater  total 
thermal  demand  is  generally  required  before  the  post 
thermal  demand  and  the  waste  thermal  energy  available 
coincide  (even  with  energy  storage). 


Table  1 

Summary  of  Installation  Energy  Requirements* 


Annual  I lectrical 
DemajiJ 


Installation 

OVS-lr 

(iBtu 

noi-xton  A \l’.  I N 

91 

311) 

Redtord  AAl*.  VA 

126 

429 

1 ort  Knox.  K'l 

127 

435 

Aberdeen  Proving  < 

Ground.  Ml) 

123 

419 

1 ort  Lewis,  VVA 

>41 

481) 

1 ort  Henning,  Ci  A 

151 

516 

1 ort  Hragg.  N( 

222 

752 

1 ort  li.unl,  I \ 

192 

655 

Redstone  .Arsenal, 

Al 

263 

899 

I ort  Meade,  Ml) 

218 

744 

Annual  Diermal 
Demand 
CiBtu  (TJ) 

Ratio  of  Tliermal 
to  blectrical 
Demand 

Peak  Electrical 
Demand 
MWe 

5062 (5340) 

16.3 

3883 (4097) 

9.1 

2391 (2523) 

5.5 

30.9 

1921 (2027) 

4.6 

21  31  (2248) 

4.4 

36.4 

2047 (2160) 

4.0 

37.6 

2681  (2828) 

3.6 

48.6 

1820 (1920) 

2.8 

42.6 

1872  (1975) 

2.1 

1488  (1570) 

2.0 

43.4 

*l>ala  of  first  two  columns  arc  I Y75  figures  taken  from  h'aciUties  l■■nnim•crmg  Annual  Summary  ofOiwralions 
(OCI  , 1975).  Data  of  fourth  column  arc  I V74  firturcs  taken  from  Characterization  of  hnergy  Usaye  on  Military 
Installations,  lahle  I 2.  h>  II  D.  Hollis  ami  .A.  V.  Nnia  (l'S.\  I I SA,  1974). 


Column  in  Table  I shows  the  ratio  of  thermal  to 
electrical  demand  lor  the  .Army's  10  largest  energy 
users.  In  all  cases,  the  ratio  is  2 or  greater;  for  six  cases, 
it  is  4 or  greatei.  This  indicales  that  there  is  a good 
chance  that  a ri,  system  would  be  efficient  for  most 
and  possibly  all  of  these  posts.  Large  antounts  of  the 
electrical  demand  at  posts  with  lower  thermal/clectrical 
ratios  are  for  summer  cooling;  part  of  this  demand 
could  be  converted  to  absorption  cooling  to  help  match 
the  electrical  and  thermal  profiles  when  necessary. 

One  of  the  problems  that  must  be  considered  in 
central  TE  system  studies  is  lire  distrihullon  of  waste 
Ihennal  energy  to  users  If  the  load  points  arc  small 
and  widely  distributed,  the  distribution  system's  cost 
and  thermal  losses  would  make  the  TE  system  imprac- 
licahle.  even  with  a high  thermal  load.  Table  2 shows 
the  data  from  fable  1 with  thermal  demands  from 
heating  units  smaller  than  0.7.5  ,MBtu-h  (0.7‘)  GJ-h) 
ti.e..  family  liousing  type  units)  eliminated.  All  but  two 
of  the  posts  still  have  thermal  to  electrical  demand 
ratios  of  approximately  2 or  greater.  When  only  the 
thermal  demand  for  heating  plants  exceeding  3. .5 


MHtu-h  (3.7  GJ-h)  is  included  (Table  3).  five  of  the 
posts  still  have  thermal  to  electrical  demand  ratios  of 
nearly  2 or  greater.  These  larger  plants  typically  already 
have  thermal  distribution  systems. 

The  data  in  Tables  1.  2.  and  3 clearly  indicate  that 
.Army  installations  have  sufficient  thermal  demand  to 
justify  considering  centralized  total  energy  applications 
for  a large  portion  of  each  post.  In  addition,  enougli 
large  heating  plants  exist  at  most  installations  so  that 
implementing  a central  total  energy  system  would 
require  only  minor  additions  to  the  thermal  distribu- 
tion systems.  Fort  Bragg,  which  has  four  central  heating 
plants  with  existing  distribution  systems,  is  a good 
example  of  this.  The  thermal  demand  from  these  four 
heating  plants  (Table  4)  exceeds  the  post  electrical 
demand  during  the  heating  season.  By  converting  some 
summer  cooling  demand  to  thermal  demand  with 
absorption  chillers,  it  should  be  possible  to  get  an 
excellent  thermal/electrical  match  over  the  whole 
year.  This  indicates  that  a central  IE,  system  used  m 
place  of  these  plants  could  supply  most  ol  the  post's 
electrical  demand  with  only  a minor  requirement  lot 
additional  thermal  distribution  systetns. 


Table  2 

Summary  of  Installation  Energy  Requirements 
(Heating  Units  Larger  than  0.75  MBtu  [0.79  GJ|  Only*) 


Installation 

Annual  l lectrical 
Demand 

C;W-h  CjBtu 

Annual  thermal 
Demand 
GBtu  (TJ) 

Ratio  of  Thermal 
to  Llectrical 
Demand 

Peak  Electrical 
Demand 
MW, 

Holston  AAP.  TN 

91 

310 

5058  (5336) 

16.3 

Rjdt'ord  AAP.  VA 

126 

429 

3883  (4097) 

9.1 

Aberdeen  Proving:  CJround.  Ml) 

12.1 

419 

1514  (1597) 

3.6 

1 ort  Knox.  KY 

127 

435 

1043  (1100) 

2.4 

30.9 

1 ort  NC 

222 

752 

1652  (1743) 

2.2 

48.6 

l ort  Benning.  CiA 

151 

516 

1024 (1080) 

2.0 

37.6 

1 orl  Lewis.  \\\ 

141 

480 

959  (1012) 

2.0 

36.4 

Redstone  Arsenal.  Al. 

263 

899 

1739  (1835) 

1.9 

Lort  Meade,  MO 

218 

744 

749  (790) 

l.i) 

43.4 

l ort  Mood,  IX 

192 

655 

422  (445) 

.64 

42.6 

’Data  of  first  two  columns  arc  I >'75  figures  taken  from  Facilities  Fiigineehiig  Aiiiiiial  Summary  of  Operations 
(OC'l-.,  1975).  Data  of  fourth  column  are  I Y74  figures  taken  from  Characicrization  of  t.iicrgy  Usage  on  Military 
Installations.  Table  1 2.  by  II  I).  Hollis  and  .\.  V.  Nida  (USA  IT  SA.  1974). 


Table  3 

Summary  of  installation  Energy  Requirements 
(Heating  Units  Larger  than  3.5  MBtu  (3.7  GJ)  Only*) 


Installation 

Annual  PJectrical 
Demand 

GW-h  GBtu 

Annual  Thermal 
Demand 
GBtu  (TJ) 

Ratio  of  Thermal 
to  Electrical 
Demand 

Peak  Electrical 
Demand 
MW, 

lloLston  AAP.  TN 

91 

310 

5050(5328) 

16.3 

Radford  AAP.  VA 

126 

429 

3883 (4097) 

9.1 

Aberdeen  Proving  (iround.  Ml) 

123 

419 

1181 (1246) 

2.8 

Port  Benning.  (iA 

151 

516 

985 (1039) 

1.9 

37.6 

Redstone  Arsenal.  AL 

263 

899 

1715 (1808) 

1.9 

Port  Bragg.  NC 

222 

752 

1247  (1  316) 

1.65 

48.6 

1 ort  Lewis.  WA 

141 

480 

754  (795) 

1.6 

36.4 

Port  Knox.  KY 

127 

435 

443  (467) 

1.0 

30.9 

1 ort  Meade.  Ml) 

218 

744 

499  (526) 

.67 

43.4 

Port  Hood.  I X 

192 

655 

274  (289) 

.42 

42.6 

’Data  of  first  two  columns  are  I V75  figures  taken  from  Facilities  Fngineering  Annual  Summary  of  Operations 
(OCT.,  1975)  Data  of  fourth  column  are  I Y74  figures  taken  from  Characterization  of  Fnergy  Usage  on  Military 
Installations.  Table  12.  by  II.  1).  Hollis  and  A.  V.  Nida  (USA  1 I SA.  1974). 


Table  4 

Kort  Bragg  Monthly  Thermal  and  Electrical  Demands 
Thermal  Loads.  CBtu  (TJ) 


Month 

Hospital  Heating 
riant 

82mi  Airhurne 
Heating  riant 

('MA  Heating  riant 

Laundry 
Heating  riant 

Total 

rost  Heetrical 
Demand 
(iBtu  (TJ) 

Jan 

2.S.USK 

(26.46SI 

74.47‘» 

(83.850) 

19  152 

(20  205) 

4.636 

(4.891) 

128.3  (135.4) 

57.667 

(60.839) 

1 ch 

( 22.221  ) 

7:  475 

(76  461 1 

17  455 

(18  415) 

4 546 

<4  796) 

1 15.5  (121.9) 

59.102 

(62.353) 

Mar 

2.VI49 

(24  422) 

67.545 

(71 .2601 

17  92  7 

(18.913) 

4 840 

(5.106) 

1 13.5  (1 19.7) 

53.902 

(56.867) 

Apt 

I9.IIIS 

( 2(1.0641 

36.667 

(38.684) 

12.354 

(13.033) 

3.936 

(4.152) 

72.0  (76.0) 

52.263 

(55  137) 

May 

1 1 451 

(12.081) 

26  488 

(27.945) 

9.987 

(10.536) 

3.647 

(3.848) 

51.6  (54.4) 

56.158 

(59.247) 

Jun 

9.563 

(10.089) 

36.051 

(38.034) 

7.630 

(8.050) 

4.403 

(4.645) 

5 7.6  (60.8) 

74.759 

(78.871  ) 

Jul 

1 1.1)72 

(11.681) 

37.073 

(39.1  12) 

7.845 

(8.276) 

4.170 

(4.399) 

60.1  (63.4) 

75.735 

(79.900) 

Aug 

9 963 

(10.51 1 ) 

42.198 

(44.519) 

7.087 

(7  477) 

2.643 

(2.788) 

61.9  (65.3) 

74.624 

(78.728) 

Sep 

1 1 .554 

(12.189) 

35.170 

(37.104) 

6.805 

(7.179) 

3.017 

(3.183) 

56.5  (59.6) 

79.919 

(84.315) 

Oct 

1 1.594 

( 1 2.232) 

22.1  10 

(23.326) 

6.922 

(7. .303) 

4.354 

(4.593) 

45.0  (47.5) 

57.503 

(60.666) 

Nov 

12.1)21 

(12.682) 

.74.597 

(36.500) 

14.317 

(15.104) 

5.358 

(5.653) 

66.3  (69.9) 

53.033 

(55.950) 

Dec 

IS. 529 

(19.548) 

60.729 

(64.069) 

23.686 

(24.989) 

4.901 

(5.171) 

107.8(113.7) 

57.445 

(60.604) 

1 olal 

1S4.()65  i 

(194  1891 

550. 5s:  1 

1580.864) 

151  167 ( 

1159.481) 

50.451 

(53.226) 

93b.l  (987.6) 

752.1 10  (793.466) 

The  analysis  of  the  Aimy's  10  largest  energy  users 
indicates  tliat  tire  concept  ol  centiali/.ed  IT-  systenrs 
should  be  considered,  particularly  in  the  following 
ctrcurnstances: 

1.  Wlicn  a TE  study  is  being  made  in  conjunction 
with  a new  construction  project  in  accordance  with  the 
DoD  directive.  The  study  should  include  expansion  of 
the  system  to  include  surrounding  thermal  loads  anil 
other  electrical  loads  as  described  m CL  RL  Technical 
Report 

2.  When  several  new  construction  projects  are 
scheduled  for  one  installation  during  a relatively  short 


Profciiiirrs  jor  I'vasihilil \ .Uialysis  anJ  Prclimmarr 
(>I  rural  Pticr^v  Systems  at  Military  lacilities.  technical 
Report  I <>h/M)A0.1.17.S6  (Cl  R1  . November  1976). 


tune  period  (.^  to  .‘i  years).  The  study  should  include 
consideration  of  one  TL  plant  which  could  be  expanded 
to  meet  the  needs  of  all  the  new  construction  plus  the 
possibility  of  meeting  the  loads  fore.xistingconstruction 
in  the  area  between  or  adjacent  to  the  construction  site. 

Wlien  an  existing  central  heating  plant  is  to  be 
expanded  or  have  a major  boiler  retrofit.  Consideration 
should  be  given  to  replacing  the  plant  with  a central 
Tli  plant. 

Because  .Army  mstallalions  have  complete  control 
over  the  loads  distribution  systems,  there  is  an  excellent 
opportunity  to  optimi/.e  the  loads  on  an  installation  to 
obtain  maximum  efficiency  from  a TJi  plant  without 
having  to  resort  to  selective  energy  systems,  l or  this 
reason,  methods  for  expanding  TE  studies  lo  include 
centrali/ed  TE  concepts  were  examined  and  are  dis- 
cussed in  the  remainder  of  this  report 


I.? 


3 METHODOLOGY  FOR  EVALUATING 
CENTRAL  TOTAL  ENERGY  PLANTS 


General 

TL  studies  lor  miliur>  installations  have  generally 
been  applied  to  sittgle  eonstruetion  projects  such  as 
barracks  complexes,  hospitals,  and  large  multistory 
buildings.  A detailed  meiliod  for  feasibility  and  econom- 
ic analysis  and  design  of  these  plants  was  developed  in 
the  report  Use  of  the  liuilJing  l.oads  aiul  System 
Thermodynamies  ISoyram  to  Perform  Total  T.nergy 
Systems  Analysis  '’  Tins  method,  which  is  m accord 
with  OCT,  life  cycle  costing  procedures.'®  can  also  be 
used  with  some  slight  modincations  to  study  central 
Tt  plants  to  account  for  the  diffeiences  between 
central  and  regional  total  energy  plants.  The  major 
differences  which  must  be  considered  are; 

1.  Larger  plants  can  be  used  for  centralized  TT. 
systems,  meaning  greater  economy  of  scale  in  equip- 
ment and  buildings  and  reductions  in  operating  per- 
sonnel can  be  achieved.  These  plants  necessitate  that 
the  simulation  program  accommodate  a wider  variety 
of  equipment  si/.es  and  types  (such  as  steam  turbines) 
than  is  needed  for  single  construction  projects. 

Central  total  energy  systems  wtlJ  cover  larger 
geographical  areas.  Thus,  the  economic,  thermal  energy 
storage,  and  energy  loss  aspects  of  the  thermal  distribu- 
tion system  must  be  considered  in  the  study.  Since  the 
same  electrical  distribution  system  is  generally  required 
in  cither  case,  it  can  be  ignored  for  comparison  studies. 

The  methodology  described  m this  chapter  for  stud- 
ying central  TT,  plants  must  address  these  features  in 
addition  to  those  considered  in  the  standard  TT  study. 

Performance  Analysis  of  Large  Total 
Energy  Plants 

The  methodology  for  performance  and  economic 
analyses  of  total  energy  plants  for  a military  installation 
described  by  I lit  lie"  applies  regardless  of  size,  provided 
the  hourly  loads  on  the  plant  are  known.  ( The  Load 

**1).  C.  Ihirle.  t se  oj  the  HiiiUmn  l.oads  .tnalvsis  and 
Svstem  riiermodrnaniies  Tn)grani  to  t’erjorm  total  /oicrgy 
.tnahsis.  Interim  Report  f-lOK  (t'l  RL.June  1977). 

' ^l>CT  l.i/e  Cvele  Coslinf  Insiriielions  I Deparlincnl  of  the 
Army.  May  1971) 

* ' 1).  Millie.  I'se  of  the  Huddine  l.oads  tnahsis  and 
System  Ihermodenamies  Program  to  Perform  total  T.nerge 
tnahsis,  Interim  Report  1-1  OH  (Cl  Rl  . June  1977). 


Determination  section  describes  how  these  loads  can  he 
found.)  However,  the  scope  of  the  Central  Tnergy  Plant 
Simulator  (CTPS)  portion  of  CT.RL's  IU..\ST  program 
was  expanded  to  accommodate  analysis  o(  the  largei 
TT  plants  which  must  be  considered  when  central  IT 
plants  are  addressed.  This  primarily  involved  adding 
algorithms  to  handle  larger  components  and  including 
algorithms  to  analyze  the  performance  and  economics 
of  gas-,  oil-,  and  coal-Tired  steam  turbine  plants  Tor 
the  data  in  Table  1.  the  largest  peak  plant  capacity 
required  for  these  .Army  installations  is  about  50  MW^. 
This  size  system  can  be  accommodated  by  the  Bl  .AST 
program. 

Load  Determination 

Determination  of  loads  for  a central  TT  study  is 
somewhat  more  complex  than  for  standard  I T studies, 
since  the  distribution  system  and  many  more  buildings 
must  be  considered  in  the  former  case.  The  following 
sections  describe  the  two  methods  for  obtaining  the 
required  loads,  using  metered  data  and  using  computer 
simulation  programs. 

Ohtaining  Loads  From  Available  Data 

Using  metered  data  will  provide  the  most  accurate 
loads,  but  there  are  two  major  drawbacks:  (1 ) existing 
energy  consumption  data  for  Army  installations  arc 
generally  available  only  for  large  power  plants  or  for 
the  whole  installation,  and  (2)  these  data  are  seldom  on 
an  hourly  basis  as  is  commonly  required  for  TT  plant 
studies.  Metering  installations  to  obtain  this  data  is 
both  costly  and  extremely  time-consuming,  and  thus 
IS  almost  never  practicable.  Loads  can  usually  be  syn- 
thesized from  existing  consumption  data,  even  when 
limited,  if  the  proper  engineering  approximations  arc 
made.  In  general,  this  method  relies  on  the  following 
steps: 

1 . Dividing  the  post  into  regional  load  centers  (such 
as  barracks  complexes,  family  housing  areas,  hospitals, 
administrative  areas,  or  areas  presently  served  by 
ceniralized  heating  systems).  The  components  of  a 
given  load  center  should  have  similar  building  occupancy 
and  use  patterns,  construction  type,  and  energy  require- 
ments: i.c.,  each  load  center  is  homogeneous  in  its 
components. 

2.  Obtaining  a representative  energy  consumption 
profile  for  one  typical  component  of  each  load  center. 

.7.  Scaling  the  energy  consumption  profile  to 
account  for  weather  conditions  and  the  number  of 
components  in  the  load  center.  Tnergy  consumption 
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profiles  can  be  sealeil  on  the  basis  of  square  feel  of 
buikliiis;  area,  energy  use  iniliees.'^  and/or  metered 
data. 

Cenlrali/ed  II.  studies  olien  consider  esisting 
central  plants  as  load  centers,  ralliet  than  using  steps  J 
and  d above.  Hence,  a reasonable  amount  of  metered 
data  may  be  available  from  which  to  construct  a con- 
sumption profile.  If  sufficient  data  are  not  available, 
energy  consumption  profiles  can  be  obtained  from 
computer  simulation  (as  disciis,sed  below  I oi  from 
measured  data  for  buildings  similar  to  those  in  the  load 
center.  Such  measured  data  should  be  available  from 
C'l  KL's  fixed  lacility  eneigy  consumption  investigation 
in  l'Y78.  Inloimation  lor  accessing  these  data  is 
currently  in  draft  form.'  ’ 

When  using  the  metered  data  method  lot  load  deiei- 
minalion,  lo.s,ses  are  accounted  for  on  a per  fool  of 
distribution  system  basis.  I tiergy  storage  in  the  distribu- 
tion system  is  not  accounted  for  Appendix  .A  describes 
the  method  in  greater  detail. 

I.oad  Dclcnmimtioii  hv  Compiacr  SimulalUm 

linergy  consumptton  profiles  lot  hutlding  types  can 
be  obtained  by  using  the  BL.AS  f program  in  the  three- 
step  procedure  discussed  above.  Hie  load  center  proliles 
can  be  obtained  by  scaling  the  building  type  proliles 
by  the  respective  number  ol  building  types  considered 
and  summing  the  results. 

Summary 

The  method  for  cential  plant  analysis  is  thus  a five- 
step  procedure: 

1 . I)ivi(*e  the  installation  or  a portion  of  the  installa- 
tion into  load  centers,  w ith  the  components  of  a given 
load  center  having  similar  energy  consumption  patterns. 

2.  Determine  the  load  lor  each  load  center  by  load 
synthesis  (as  described  in  Appendix  ,A)  or  by  using  the 
Bl.AST  program. 

d.  Select  several  adjacent  load  centers  as  loads  foi  a 
T1-,  plant. 


' ’T.  Alerera,  B.  K Hinkle,  D.  ( llillle.  J I I’lper.  and 
L.  M.  Windingland.  I'liergv  I'lilistilioii  Index  Mi  thoJ  Jor 
I'redicling  Hiiilding  Iditrgy  I si\  Interim  Keport  I -lO.S  (Cl  Rl.. 
May  1977). 

'■’l..  M.  Windingland  and  H,  J Sliwinski.  l i.xrd  I'lieiliiics 
hntrgy  Consumption  liucsiigalion  liata  I 'sers  Manual.  Interim 
Report  ( Draft MCI  RI..  1977). 


4.  Using  the  CTd’S  portion  of  the  BLAST  program 
and  the  procedure  described  by  llittle,''’  opiimi/c  the 
TT  plant,  based  on  life-cycle  cost,  winch  will  meet  the 
total  loads  obtained  in  step  .i  of  the  Ohiaining  l.oaJa 
From  .Uailahle  Data  section. 

Repeat  step  4 for  various  combinations  of  load 
centers  to  determine  whether  a centralized  IL  plant, 
two  or  more  regional  TL  plants,  or  a selective  I T plant 
provides  the  system  having  the  lowest  life-cycle  cost. 

Based  on  the  results  of  step  5,  partially  redel'ining 
the  load  centers  or  their  combinations  may  be  necessary 
to  get  a better  thermal  and  electrical  load  match  and  to 
provide  increased  load  diversity.  This  adjustment  must 
be  based  on  engineering  judgment. 


4 CASE  STUDY  FOR  FORT  BRAGG,  NC 

This  chapter  presents  a central  it  case  study  of 
Tort  Bragg.  NC.  using  CY7.‘s  data.  The  case  study  was 
conducted  to  demonstrate  the  method  explained  in 
Chapter  3 and  to  highlight  some  of  the  features  dif- 
ferentiating central  and  regional  TL  systems.  Fort 
Bragg  was  selected  for  .several  reasons:  ( 1 ) it  is  a large 
consumer  of  energy.  (2)  records  of  its  energy  consump- 
tion and  management  in  CY75  were  leadily  available, 
and  (31  the  atialysis  discussed  in  Chapter  1 indicated 
that  a central  TL  system  used  in  place  of  the  lour 
existing  boiler  plants  could  supply  most  of  the  post's 
electrical  demand  with  only  a minor  requirement  for 
additional  thermal  distribution  systems. 

Electrical  Load 

The  post  receives  electrical  power  from  two  com- 
mercial sources,  one  meter  is  provided  for  each  source 
as  power  enters  the  military  property.  Information 
furnished  by  the  post  Facility  hngineer  for  one  source 
consisted  of  electrical  demand  data  at  1 .‘'-minute  in- 
tervals for  36.*'  days  of  197.S;  monthly  totals  were 
furnished  for  the  other  source. 

The  prr'cedure  given  in  the  hitenal  Demand  Re- 
corders With  Integrating  Demand  Meters  section  of 
Appendix  A was  used  to  synthesize  an  hourly  electrical 
load  profile  for  the  post.  Hourly  and  daily  scaling 
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D.  ('.  Ilittlc.  I sc  o)  the  Building  Loads  Uialvsis  and 
System  llicrnuxlyiwmies  Program  to  Perform  Total  Energy 
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factors  were  computed  as  directed  m the  procedure. 
Tlius.  an  hourly  post  electrical  load  was  determined 
by  dividing  the  monthly  electrical  consumption  (taken 
from  both  electric  utilities)  by  the  number  of  days  in 
the  month  and  multiplying  by  the  daily  and  hourly 
scaling  factors  appropriate  for  the  season,  month,  and 
type  of  day  (weekday  or  weekend).  Figure  1 shows  the 
resulting  electrical  load  profile. 

Thermal  Load 

The  post  Facility  Fnginecr  provided  hourly  boiler 
logs  for  the  four  boiler  plants  on  post  the  Hospital, 
the  82nd  Airborne,  the  CMA.  and  the  post  laundry 
for  1 week  each  of  January.  Aprrl,  and  July  l‘J75. 

Step  2 of  the  procedure  given  in  the  Thermal  Load 
section  of  Appendix  A was  used  to  synthesize  an  hourly 
thermal  load  profile  for  each  of  the  four  thermal  distri- 
bution systems,  tach  distributron  system  was  then 
modeled  as  a thermal  load  center.  Tables  5 througli  7 
present  formulas  for  computing  the  thermal  loads  (or 
specific  plants  and  seasons.*  Frgures  I througlr  5 show 
the  resulting  thermal  load  profiles  for  each  plant  and 
the  post. 

These  electrical  and  thermal  loads,  along  with  a 
weather  tape  (for  air  temperature  and  humidity)  for 
the  Fort  Bragg  region,  were  rnput  to  the  {'FPS  program. 


blectrical  loads  were  assigned  usrng  the  assumption 
that  a diesel  generator  set  produces  equal  amounts  of 
electrical  and  thermal  energy.  Thus,  the  laundry  plant 
was  assigned  an  electrical  load  equal  to  the  laundry 
thermal  load.  The  remaining  electrical  load  of  the  post 
was  assigned  so  that  tlie  ratio  of  the  electrical  to 
thermal  load  at  each  of  the  three  remaining  plants  was 
equal  to  the  ratio  of  the  total  remaining  electrical  load 
to  the  total  remaining  thermal  load.  This  ratio  can  also 
be  expressed  as  the  ratio  of  the  total  electric  less 
laundry  electric  load  to  the  total  thermal  less  laundry 
thermal  load.  The  value  of  this  ratio  changed  hourly 
throughout  the  modeling. 

The  number  of  prime  movers  was  assumed  to  be 
two  (plus  one  in  tvserve).  This  would  permit  the  max- 
imum economy  of  scale.  In  practice,  more  units  might 
offer  greater  reliability  but  not  necessarily  greater  fuel 
efficiency.  The  units  were  sized  according  to  the  follow- 
ing rules  (not  official  OCE  criteria): 

1.  Standard  unit  size  (three  prime  movers)  = (half 
maximum  demand)  X (.6) 

2.  If  standard  unit  size  < (minimum  demand)  .4 

a.  Small  unit  size  ( I ) = minimum  deinand/.4 

b.  Large  unit  size  (2)  = (1.21  X (maximum  de- 
mand - small  unit  size). 


Cost  and  Life-Cycle  Parameters 

The  values  assigned  to  these  parameters  were  the  de- 
fault values  provided  by  the  BLAST  program  (Table  8). 

Energy  Plant  Simulation 

Each  of  the  four  existing  boiler  plants  was  modeled 
over  ('Y75  as  a conventional  energy  plant  with  new 
equipment  that  met  the  existing  thermal  load.  Next, 
each  of  the  four  plants  was  simulated  as  a FE  plant  m 
which  various  prime  movers  were  investigated.  Finally, 
a single  TE  plant  meeting  the  posiwide  electrical  and 
thermal  demands  was  simulated. 

Thermal  and  electrical  loads  were  assigned  to  the 
models  of  the  plants  on  the  basis  of  the  thermal  load 
data  from  each  plant.  First,  each  of  the  four  regional 
plant  models  (or  simulations)  was  assigned  the  thermal 
load  profile  derived  from  data  (Figs.  2-5)  recorded  for 
that  plant  for  CY75.  This  was  true  for  both  conven- 
tional and  TE  plant  simulations.  The  thermal  load  of 
the  single  TE  plant  model  was  the  sum  of  the  thermal 
loads  of  the  regional  plant  models  plus  an  additional 
fraction  accounting  for  distribution  loss. 


Gas  turbines  were  modeled  as  being  fueled  by  natural 
gas  in  one  case  and  oil  in  another. 

Prime  movers  as  large  as  15.2  MW  in  regional  Tli 
plants  and  24.4  ,MW  in  central  TE  plants  were  selected 
by  these  rules.  Inspection  of  Diesel  arul  (las  Turbine 
Worldwide  Catalog'^  shows  that  several  foreign  man- 
ufacturers make  diesel  generator  sets  in  these  sizes,  but 
American  manufacturers  presently  do  not.  Gas  turbine 
generators  in  these  sizes  can  be  purchased  from  G.S. 
firms,  however.  A “buy  American"  problem  for  diesel 
generators  could  be  solved  by  using  four  to  six  8-MW 
units,  which  arc  made  by  several  U.S.  firms.  The  results 
of  the  following  study  would  not  vary  significantly 
from  the  results  obtained  with  four  or  six  8-MW  units. 

Boilers  in  conventional  plants  were  sized  to  he  the 
same  as  boilers  actually  in  the  existing  plants.  Boilers  in 
TE  plants  were  sized  using  the  following  rules  (not 
official  OCE  criteria): 


'Diesel  anddas  Turbine  Worldwide  Catalog.  \'ol  4 1 ( 1 976). 


Us 


WEEKS  OF  THE  YEAR 


Figure  I . Weekly  poslwiJe  energy  Jeinands  tor  ( Y75. 
SI  conversion  laclor:  I Bui  = 1.055  kj. 


Table  5 

Thermal  Demand  for  Cooling 

Scison 

Boiler  IHanl  Spring'l  all  Summer  Winter 

llo'pilal  None  None  None 

(compression  chiller)  (compression  chiller)  (compression  chiller) 

82ml  Airborne  Constant  I (T)  x (summer  hour-  Constant 

s 

ly  scale  factors)  (steam 
users  summer  load)* 

None  ( onstant,  1 000  to  2400  None 

hour . decreasing:  linearly 
to  0.6  oi  constant.  2400 
to  0600;  increasing  linearly 
to  constant.  0600  to  1000 
hours 

Uundry  None  None  None 

* I he  symhol  1^  | ( I ) is  defined  m Appendix  A. 
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Table  6 

Steam  Users  Load 


Season 

Boiler  Plant 

Spring/Fall 

Summer 

Winter 

Hospital 

( Average  summer  thermal  Same  as  Spring/I  ail 

load  on  successive  warm  days 
over  76*^1  [24“C’) ) X (summer 
hourly  scale  factors) 

Same  as  Spring/lall 

82nd  Airborne 

(Average  thermal  load  on 
successive  warm  days  over 
76“l  1 24'"C) ) X (spring/ 
fall  hourly  scale  factors) 
(spring/fall/wintcr  cooling 
load) 

Same  as  Spring/I  all 

Same  as  Spring/l  all 

CM  A 

(Average  thermal  load  on 
successive  warm  days  over 
76**  1 124‘'C'] ) X (spring/ 
fall  hourly  scale  factors) 
(seasonal  cooling  load) 

Same  as  Spring/l  all 

Same  as  Spring/l  all 

Laundry 

(Monthly  average  daily 
steam  consumption)  x 
(spring/fall  hourly  scale 
factors) 

(Monthly  average  daily 
steam  consumption)  X 
(summer  hourly  scale 
factors) 

(Monthly  average  daily 
steam  consumption)  x 
(winter  hourly  scale 
factors) 

Table  7 
Heating  Load 

Season 


Boiler  Plant 

Spring/  lall 

Summer 

Winter 

Hospital 

f|J  (T)  X (spring/fall  hourly 
scale  factors)  (hourly 
steam  users  load) 

None 

f , (T)  X (winter  hourly 
scale  factors)  - (hourly 
steam  users  load) 

82nd  Airborne 

R9 

*sf  ^ (Spring/fall  hourly 

scale  factors)  (steam  users 
load)  (spring/fall/wintcr 
cooling  load) 

None 

f82  ^ (>vinter  hourly 

scale  factors)  - (steam 
users  load)  - (spring/fall/ 
winter  cooling  load) 

CM  A 

fCMA  ^ (spring/fall 

hourly  scale  factors) 
(steam  users  load) 

None 

fCMA  ^ (winter 

W 

hourly  scale  factors)  - 
(steam  users  load) 

Laundry 

None 

None 

None 

ENERGY  GBTU  ENERGY  GBTU 


Figure  2.  Hospital  hoilei  plant  weekly  energy  demands  lor  C't  ''5. 
SI  conversion  t'acloi : 1 Btu  = 1 .055  kJ 
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WEEKS  OF  THE  YEAR 

Figure  ,V  S^nd  Airborne  boiler  plant  weekly  energy  demands  for  C'Y75. 
SI  conversion  taelor:  I Bin  = 1 .055  kJ. 
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Figure  4.  CMA  boiler  plant  weekly  energy  derrunds  for  CY75. 
SI  conversion  factor:  1 Btu  = 1.055  kJ. 


Figure  5.  Laundry  boiler  plant  weekly  energy  demands  for  CY75. 
SI  conversion  factor:  I Btu  = 1 ,055  kJ. 
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Table  8 

Life-T'ycle  Parameters 


IntiTONi  R.iic 

ti.5’. 

IntLition  K.i;cn 

1 jhor 

4.(v; 

Mjicnjl 

4.1)'; 

1 ncrj:> 

4.0'; 

! 1 itc 

25  years 

1 ( MNl 

52(i/lir 

1 ncr.L‘\  ( osl 

(.as 

5 150herm  (100.000  liiu)  ( S 1 40/(;j) 
( osl  1 scalalion  1 aclor  57.7 

Oil 

S 40/i;al  ( 1 .tO.tMtO  Hlu)  (SI05.68/m’) 
Cosi  1' scalalion  1 actor  42.4 

1 Icctricily 

5 .008/k\\  -h  alter  250  kW -h  ( S0.002/M. 
$0.12/kV(-h  first  250  kW-h  cost  (0.003/ 
Demaiul  5 1 .()/k\V 
Cost  1 scalalion  1 actor  6i  .4 

1.  Capacity  of  each  boiler  does  not  exceed  100 
MBtiih  C‘).3  MW) 

2.  In  each  plant,  one  boiler  is  twiee  the  inininiuin 
thermal  load  (i.e,,  boiler  always  operates  at  no  less  than 
half  of  full  load) 


3.  Number  of  remaining  boilers  = l(/  + I ) 


where  / = 


max  thermal  load  2 X min  thermal  load 
lOOMBtuh 


a dimensionless  number 

!(/  + 1)  = largest  integer  in  /.  + 1.  a function 

, ^ , /X  lOOMBtuh 

4 .Size  ot  remaining  boilers  = ~r — 


titles  to  handle  diesels  and  chillers  assigned,  in  some 
cases,  similarly  sized  thermal  storage  tanks  were  used 
for  peak  shaving,  or  load  leveling. 

The  hospital  was  simulated  in  four  equipment  con- 
figurations (Table  d).  Table  10  presents  the  energy 
consumption  and  life-cycle  cost  results,  with  detailed 
summaries  appearing  in  Appendices  B and  C.  ,\  boiler 
plant  with  existing  equipment  would  require  the  pur- 
chase ol  20(1  GBtu  (2P  TJ)  of  electricity  with  an  S88 
million  life-cycle  cost.  The  diesel  plant  with  thermal 
storage  IS  more  efficient  70  percent  and  lessexpensive 
than  without  storage,  fising  thermal  storage  with  the 
diesels  cuts  the  operatitig  time  of  the  cooling  tower  to 
less  than  one-half  the  time  without  storage.  I'se  of  the 
diesels  and  chillers  is  also  decreased  somewhat.  The  gas 
turbine  plant  is  less  expensive  than  the  d'esel  plants  if 
natural  gas  is  used,  but  not  if  fuel  oil  is  used. 


S Sum  ol  boiler  capacities  is  not  less  than  the 
thermal  demand  in  absence  of  eleciiical  generation: 
this  was  usually  met  by  adding  one  more  boiler  of  the 
size  given  in  rule  4. 


( billers  were  sized  to  meel  demand  in  convenient 
indusiiial  units,  such  as  4 MBiuh  ( 12  MW)  (333  Ion 
cooling).  Cooling  lowers  were  similarly  sized  in  quan- 


The  82nd  Airborne  energy  plant  was  also  modeled 
in  the  four  equipment  configurations  (Table  1 1 ). 
hnergy  consumption  and  life-cycle  cost  results  arc 
presented  in  Table  10.  Appendices  B and  C present 
detailed  summaries.  The  model  of  the  existing  boiler 
plant  ran  at  42  percent  efficiency  and  required  the 
purchase  ol  407  GBtu  (420  TJ)  of  elec(ricily.  Diesel 
with  thermal  storage  is  more  efficient  ((lO  percent)  and 
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Table  9 

Hospital  Energy  Plant  Equipment  Utilization 


Maximum 

Maximum 

Size 

Average 

Load 

Load 

MBtuh 

Operating 

MBtuh 

Date 

Operating 

Equipment 

Number 

(MW) 

Ratio 

(MW) 

mo/da/hr 

Hours 

Configuration  li-l  (Existing  Boiler  Plant) 

Boiler 

37.8  (11.1) 

0.64 

58.3  (17.1) 

2/  3/13 

11,704 

Absorption  ( hiller** 

1 

3.5(  1.1) 

0.94 

3.6(  1.1) 

11/30/24 

9,760 

Cooling  Tower 

1 

12.0(  3.5) 

0.69 

8.9  ( 2.6) 

11/30/24 

9,760 

Configuration  H-2  (Diesel) 

Diesel 

2* 

29  ( 8.5) 

0.56 

57.8  (16.9) 

9/11/17 

13,249 

Boiler 

3 

20  ( 5.9) 

0.54 

33.4  ( 9.8) 

1/31/  7 

5,859 

Absorption  Chiller** 

1 

8 ( 2.3) 

0.73 

7.7  ( 2.3) 

11/30/20 

8,269 

Compression  Chiller 

1 

4 ( 1.2) 

0.60 

4.0  ( 1.2) 

11/30/24 

2,075 

Cooling  Tower 

7 

12  ( 3.5) 

0.51 

72.2  (21.2) 

9/11/18 

31,901 

Configuration  H-3  (Diesel  with  Thermal  Storage) 

Diesel 

2* 

29  ( 8.5) 

0.55 

57.7  (16.9) 

9/11/17 

13.174 

Boiler 

3 

20  ( 5.9) 

0.53 

33.2  ( 9.7) 

1/31/  7 

5,880 

Absorption  Chiller** 

1 

8 ( 2.3) 

0.49 

8.0  ( 2.3) 

9/28/10 

7,690 

Compression  ('hiller 

1 

4 ( 1.2) 

0.59 

4.0  ( 1.2) 

11/30/24 

1,980 

Cooling  Tower 

3 

24  ( 7.0) 

0.41 

68.9  (20.2) 

9/19/17 

14,333 

Hot  Water  Tank 

1 

12  ( 3.5) 

0.07 

12.0  ( 3.5) 

4/10/  1 

1,212 

Cold  Water  Tank 

1 

8 ( 2.3) 

0.11 

7.7  ( 2.3) 

10/21/14 

8,365 

Configuration  IM  (Gas  Turbine) 

(ias  Turbine 

2* 

29  ( 8.5) 

0.55 

57.0(16.7) 

9/11/17 

13,212 

Boiler 

3 

20  ( 5.9) 

0.53 

27.7  ( 8.1) 

1/31/  7 

3,185 

Absorption  Chiller** 

1 

8 ( 2.3) 

0.75 

7.7  ( 2.3) 

11/30/23 

8,635 

Compression  Oiiller 

1 

4 ( 1.2) 

0.45 

4.0(  1.2) 

11/30/10 

742 

Cooling  Tower 

3 

12  ( 3.5) 

0.88 

36.0(10.6) 

12/31/20 

25,372 

’Plus  one  reserve  unit. 
“Single  stage. 


less  costly  than  without  storage  (66  percent).  Gas 
turbines  have  a somewhat  lower  lil'e-cycle  cost  tor 
natural  gas  operation  than  diesel;  however,  when  oil  is 
used  in  the  turbines,  costs  are  greater  than  for  diesel. 

The  CMA  energy  plant  was  modeled  in  the  four 
configurations  reported  in  Table  12.  Table  10  presents 
tlie  energy  consumption  and  life-cycle  costs;  detailed 
summaries  are  presented  in  Appendices  B and  C.  A 
boiler  plant  was  modeled  in  place  of  the  high  tem- 
perature hot  water  system  actually  used  in  the  CMA 
plant.  The  results  were  similar  to  those  for  the  82nd 
Airborne  plant;  diesel  with  thermal  storage  is  more 
efficient  and  less  costly  than  without  storage.  Wlien 


operating  on  natural  gas.  gas  turbines  have  a somewhat 
lower  life-cycle  cost  than  diesels;  this  is  not  true  when 
the  turbines  use  fuel  oil. 

The  laundry  plant  was  likewise  modeled  in  four 
configurations  (Table  13).  Energy  consumption  and 
life-cycle  costs  appear  in  Table  10,  while  detailed  sum- 
maries are  presented  in  Appendices  B and  C.  Thermal 
storage  was  used  for  only  2 hours  in  configuration  L-3. 
so  thai  costs  were  increased  slightly  without  any  op- 
erating benefits.  The  gas  turbine  plant  using  natural  gas 
operated  almost  as  efficiently  as  the  diesel  plants  and 
at  significantly  lower  cost.  When  placed  on  oil.  this 
plant  was  only  slightly  more  expensive  than  the  diesel 
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Table  10 

Energy  Consumption  and  Life-Cycle  Cost 


Annual  hnerto  ( onsiimphon.  (iBtu  ( TJl 


Average 

1 qiiipment 

l.ife-t  >clc 

Annual 

Oil 

Natural  (las 

1 leclneity** 

1 otal 

( ost  in 

Cost  in 

1-  fHciency 

25  ^ears. 

25  years. 

Configuration 

% 

Diesel 

I urhine 

1 urOine 

Kfiiler 

MS 

MS 

Httspiul  l-nere> 

I’l.mi 

HI 

43 

3KS  ( 

409) 

206  (217) 

594  ( 627) 

5.98 

8H.48** 

M : 

^74  j 7m 

S9  ( 

94) 

763 ( S05) 

23  10 

1 18.73 

w y 

70 

l.fi'l  1 711(0 

K7  ( 

v:i 

756 ( 79K) 

23  08 

1 16.85 

51 

947  1 999) 

4K  ( 

51  ) 

995  0050) 

23  88 

109.96 

H4U* 

51 

947  ( 999) 

4S  ( 

51 ) 

995  0050) 

23,88 

151.55 

K2tul  \irhitrne 

1 ner>:>  I'Lmi 

A 1 

42 

K53  ( 

9(  )0) 

407 (429) 

1260  0 329) 

1 3 06 

1 79. 50** 

A : 

(>6 

1293  0 3(t4> 

220  ( 

232) 

1513  0 596 1 

31 ,94 

2 1 9 69 

A3 

(.4 

1 2S2 il  353) 

213  ( 

225) 

1495  0577) 

.11  It 

216  98 

A4N(; 

52 

1 777 ( 1S75) 

1 13  1 

119) 

IS90  0 994) 

35.33 

198  89 

A 40 

52 

1777  I1S75) 

113  1 

1 19) 

1K90  0 994) 

35  3 3 

276.91 

( Al.A  1 nerf:\  IM.mt 

( 1 

44 

3 26  ( 

344) 

167  076) 

49  3 ( 520) 

5.79 

73.03** 

(2 

(»5 

S44 ( 574. 

62  1 

65  ) 

6061  639) 

19  4 3 

95.76 

(3 

(>h 

543 ( 573) 

62  ( 

65) 

606  ( 639) 

19  46 

95  60 

( 4S(. 

4S 

7S.1  1 s:h) 

24  ( 

25) 

H07  ( 851 ) 

21  69 

91  59 

( 40 

4S 

7K3|  S26) 

24  ( 

25) 

K07  ( 851 ) 

21  69 

125.99 

1 .luiulrv  1 I’l.mi 

1 1 

40 

H7  ( 

92) 

52  ( 55) 

139  ( 147) 

2 76 

27  95* • 

1 2 

40 

IS4i  194) 

36  ( 

3H) 

220 ( 232) 

13  01 

40.1  2 

1 3 

49 

|K4i  ]94) 

36  ( 

3S) 

220 ( 232) 

13.03 

40.13 

1 4V. 

47 

22? ( 239) 

227  ( 239) 

12  41 

32.08 

1 40 

47 

227  ( 239) 

227  ( 239) 

12.41 

42.07 

( cnir.ii  I ><(al  I 

nereS  (M.inl 

f t 

39 

233H  (2467) 

S32  (S7.S) 

3170  (3344) 

12  08 

396  79“ 

1*  2 

(>5 

2(.4K  (2 ''941 

37K  ( 

399) 

3028 (3192) 

4 5 95 

424  1 I 

3 

tw 

2(^2(■<  (27711) 

372  ( 

392) 

2998 (3163) 

45.22 

419  99 

IM\(, 

5.3 

35m3  (369m 

ISS  ( 

19K) 

369!  (3894) 

50  12 

369  62 

(’40 

S \ 

350  3 ( 3(>9M 

ISK  1 

19S) 

3691 (3894) 

50  1 2 

523  46 

1’  5 

2657  l2S(M| 

565  ( 

596) 

3222 (3399) 

46.93 

442  44 

*NU  n.jlUT.iJ  n.is 
()  tlK'l  imI 

• • I )4»c\  n«)l  ludcneri!)  wjstoilbv  uhlii)  t*)  iiuko  cloi  Jricit>  - 


plants  The  basic  pioblem  in  lliesc  laundry  plant  models 
IS  good  use  ol  low  teinpeiature  heat. 

I’ostwide  load  operation  was  simulated  m live  con- 
t'lgurattotis  ( Table  14).  Table  1 0 also  gives  these  energy 
cortsumptton  and  life-cycle  cost  results,  with  details  in 
Appettdtces  B and  C.  The  diesel  plant  with  therntal 
storage  was  the  most  efficient  of  any  plant  and^cost 
less  than  a diesel  plant  without  storage.  The  gas  tiTrbine 
plant  running  on  natural  gas  .was  the  least  e.xpensive; 


when  tunntng  on  oil.  it  was  the  most  expensive.  ConTig- 
uraiton  l’-5  illustrates  the  effect  of  thermal  losses  due 
to  thermal  distribution.  The  conliguration  consisted  of 
a central  heating  and  electrical  plant,  with  steatn  and 
electricity  being  sent  to  the  sites  of  the  extsttng  steam 
plants  for  the  production  of  cooling  energy.  The  ther- 
mal load  was  increased  by  1 ,S  percent  to  simulate 
distribution  los.ses.  The  large  life-cycle  cost  rellects 
this  assuttied  loss  Tr  nsmission  losses  are  not  exphett 
in  any  of  the  other  models. 


Table  1 1 

82nd  Airborne  Energy  Plant  Equipment  Utilization 


Maximum 

Maximum 

Sire 

Avera^ 

Load 

Load 

MBtuh 

Operating 

MBtuh 

Date 

Opeiating 

Equipment 

Number 

(MW) 

Ratio 

(MW) 

mo/da/hr 

Hours 

( onfiguration  A- 

1 (i  xisting  Boiler  Plant) 

Boiler 

3 

95  (27.8) 

0.61 

173.0  (50.7) 

1/31/  7 

10.220 

Absorption  ChiUert 

2 

1 1.7  (3.4) 

0.0 

0.0  ( 0.0) 

- 

Absorption  Chillert  + 

1 

9.8  (2.9) 

0.49 

15.1  ( 4.4) 

8/14/11 

8,768 

12(3.5) 

8,768 

C ooling  Tower 

4 

12  ( 3.5) 

0.51 

28.2  ( 8.3) 

8/14/11 

27,668 

Configuration  A-2  (Diesel) 

Diesel 

2» 

45  (13.2) 

0.58 

89.4  (26.2) 

9/  9/15 

15,808 

Boiler 

3 

50(14.7) 

0.50 

139.7  (40.9) 

1/31/  7 

2,348 

30  ( 8.8) 

0.50 

139.7  (40.9) 

1/31/  7 

6,435 

Absorption  Chillcrt 

2 

8(  2.3) 

0.67 

15.1  ( 4.4) 

8/14/11 

17,520 

Cooling  Tower 

3 

36  (10.6) 

0.48 

98.1  (28.8) 

9/  4/18 

19,949 

Configuration  A*3  (Diesel  With  Thermal  Storage) 

Diesel 

2* 

45  (13.2) 

0.58 

89.3  (26.2) 

9/  9/15 

15,736 

Boiler 

30  ( 8.8) 

0.49 

139.7  (40.9) 

1/31/  7 

6,478 

3 

50  (14.7) 

0.49 

139.7  (40.9) 

1/31/  7 

2,229 

Absorption  Cliiller+t 

2 

8 ( 2.3) 

0.57 

12.7  ( 3.7) 

8/14/  9 

14,556 

C\>oIing  Tower 

3 

36  (10  6) 

0.46 

92.8  (27.2) 

9/  4/  9 

15,881 

Hot  Water  Tank 

1 

20  ( 5.9) 

0.10 

19.4  ( 5.7) 

9/29/14 

964 

('old  Water  l ank 

1 

8(  2.3) 

0.28 

7.3(  2.1) 

10/20/  5 

8,132 

t'onfipuration  A-4  (('.a 

,s  Turbine) 

Cias  Turbine 

2* 

45  (13.2) 

0.58 

88  7 (26.0) 

9/  9/15 

15,802 

Boiler 

3 . 

50  (14.7) 

0.55 

132.4  (38.8) 

1/31/  7 

1,198 

30  ( 8 .8) 

0.55 

132.4  (38.8) 

1/31/  7 

2,868 

Absorption  Chiller+t 

2 

8 ( 2.3)* 

0.67 

15.1  ( 4.4) 

8/14/11 

17,520 

Cooling  Tower 

2 

36  (10.6) 

0.79 

72.0  (21.1) 

12/13/17 

16,166 

•Plus  one  reserve  unit. 
•*On  re.serve 
t Dual  sta(!e. 
ttSingle  stage. 
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Table  12 


CMA  Energy  Plant 

Equipment 

Utilization 

Maximum 

Maximum 

Size 

Average 

Load 

Load 

MB  tub 

Operating 

MBtuh 

Date 

Operating 

hlquipment  Number 

(MW) 

Ratio 

(MW) 

mu  da  hr 

Hours 

( onheuraiion  ('  I tBk)iler  Plant) 

Boiler  4 

26  (7.6) 

0.6b 

60.9  (17.8) 

1/31./  9 

13,887 

Absorption  C hiller*  1 

12  l.fS) 

0.94 

12.0)  3.5) 

8/31/24 

2.208 

C onfiguration  ( -2  (Diesel) 

Diesel  2* 

22  (6.4) 

0.55 

43.4  (12.7) 

9/11/14 

14.297 

Boiler  2* 

24  (7.0) 

0.33 

42.8  (12.5) 

1/31/  7 

5,339 

Absorption  (’biller**  1 

12  (3.5) 

0.94 

12.0  ( 3.5) 

8/31/24 

2.208 

Coolinji  1 ower  4 

12(3.5) 

0.48 

47.2  (13.8) 

9/11/15 

20,194 

C’ontiguiation  C '3  I Diesel  With  Hiermal  Sloraijc) 

Diesel  2* 

22  (6.4) 

0.55 

43.4(12.7) 

9/11/14 

14,277 

Boiler  2* 

24  (7.0) 

0.32 

42.8  (12.5) 

1/31/  7 

5.3.34 

Absorption  C hiller**  1 

12  (3.5) 

0.76 

1 1.1  ( 3.3) 

7/26/  9 

2.192 

C’oolinj;  Tower  4 

12  (.(.5) 

0.45 

47.2  (13.8) 

9/11/15 

19,241 

Hot  Water  l ank  1 

8 (2.3) 

0.10 

6.9  ( 2.0) 

4/10/  1 

1.626 

Cold  Water  lank  1 

11  (3.2) 

0.04 

10.2  ( 3.0) 

6/30/8 

2.210 

ConTijiuration  C-4  (Cjas  Turbine) 

Cias  Turbine  2* 

22  (6.4) 

0.55 

43.002.6) 

9/11/14 

14.385 

Boiler  2* 

24  (7.0) 

0.34 

38.6  (11. 3) 

U3W  7 

1.985 

Alnorption  C hiller^  I 

12(3.5) 

0.94 

I2.0(  3.5) 

8/31/24 

2,208 

C'oolinii  Tower  3 

12  (3.5) 

0.82 

36.0  (10.6) 

12/25/  9 

22.123 

*Plus  one  reserve  unit. 

’•Single  s|ji;e 
t Dual  stajia 


Table  15  summari/.es  Table  10  to  compare  results 
oT  regional  aiul  central  energy  plants.  Tire  data  listed 
Tot  each  category  oT  regirmal  plant  are  summations 
ovei  ihe  Tour  regional  plants  modeled.  Central  plant 
data  are  repealed  Irom  Table  10.  Table  lb  uses  iiiTortiia- 
lion  Trom  Table  I 5 to  tank  energy  plants  in  order  oT 
energy  consumed,  llie  existing  regional  boiler  plants 
appear  to  be  the  least  energy-consumptive.  However, 
when  the  tbernval  energy  wasted  by  tire  uTility  in 
producing  electricity  is  added  to  the  listed  energy,  the 


rank  changes  Trom  first  to  seventh  For  the  same  reason, 
the  cerutal  boiler  plant  rank  shifts  to  eighth.  In  terms 
of  total  fuel  efficiency,  then,  the  central  diesel  plant 
with  thermal  storage  is  the  least  energy-consumptive. 
.•\  central  diesel  plant  without  storage  would  actually 
rank  second.  The  third  would  be  regional  diesel  plants 
with  thermal  storage.  Clearly,  thermal  storage  can  be 
quite  beneficial.  central  gas  turbine  would  rank  llfth. 
Tliese  results  clearly  indicate  that  central  TE  plants 
would  be  less  energy-consumptive  than  regional  plants. 


Table  13 

Laundry  Lnergy  Plant  Lquipment  Utilization 


Maximum 

Maximum 

Soe 

Average 

l.otd 

l.uad 

MBiuh 

Operating 

MBiuh 

Date 

Operating 

Fquipment 

Number 

IMV\) 

Ratio 

(MW) 

mo/da/tu 

Hours 

C ontiguration  L-l  (Boiler  Plant) 

Boiler 

1 

25  ( 7 31 

0 

1 

37  8(11  1) 

.52 

31.0(9.1) 

12/31/  9 

3.132 

C ontiguration  L-2  (Diesel) 

Diesel 

14  (4  1 1 

0.35 

26.9  (7.9) 

2/  5/  9 

11.371 

Boiler 

1* 

16  (4  7) 

0.52 

12.7  (3.7) 

1/  8/  9 

3.045 

Cooling  I ovker 

1 

24  (7.01 

0.24 

18  8 (5.5) 

2/  5/10 

8.755 

C ontiguration  1 ' (Diesel  wuh  1 herrnal  Storage! 

Diesel 

•>• 

14  (4  1) 

0 35 

26.9  (7.9) 

2/  5/  9 

1 1.371 

Boiler 

I* 

16  (4  71 

0.52 

12.7  (3.7) 

1/8/9 

3.045 

Cooling  lower 

1 

24  (7.0) 

0 24 

18.8  (5.5) 

2/  5/10 

8.755 

Hot  Water  Tank 

1 

1 (0  3) 

0.50 

0.9  (0.3) 

1/  1/17 

2 

Configuration  L-t  (Cias  l urbine) 

C'»as  Turbine 

14  (4  1) 

0.35 

26.8  (7.9) 

1/24/  9 

1 1 .496 

Boiler 

f 

16  (4.7) 

0.0 

0.  (0  ) 

0 

•Plus  one  reserve  unit. 


Table  17  uses  information  from  Table  IS  to  rank 
energy  plants  by  life-cycle  cost.  The  existing  regional 
boiler  plants  are  the  lowest  in  life-cycle  cost,  followed 
by  a central  gas  turbine  plant  usingnatural  gas.  and  then 
a central  boiler  plant.  The  least  energy -consumptive 
plant  (accounting  for  thermal  energy  waste  at  the 
electric  utility),  a central  diesel  plant  with  thermal 
storage,  is  fourth  on  the  list,  having  a life-cycle  cost 
in  excess  of  S400  million,  (ias  turbine  plants  using 
natural  gas  rank  ahead  of  those  using  oil  because  of  the 
difference  in  fuel  cost  (Table  K).  When  thermal  storage 
is  managed  at  the  central  rather  than  regional  level,  the 


increased  energy  efficiency  more  than  compensates  for 
the  increased  facilities  cost  (ranks  4 and  5 compared  to 
ranks  7 and  4).  The  costliest  energy  plants  appear  to  be 
regional  ones  with  gas  turbines  using  oil. 

Tables  1 6 and  1 7 show  that  a single  central  TE  plant 
is  advantageous  over  regional  TE  plants  in  terms  of  both 
energy  consumption  and  life-cycle  cost.  This  result  is 
primarily  because  economies  of  scale  in  prime  movers 
and  secondarily  because  of  increased  load  diversity 
over  regional  plants. 


:o 


Table  14 

Central  Total  Energy  Plant  Equipment  Utilization 


Ma.\imum 

Mavimum 

Size 

Average 

Load 

l.oad 

MBluh 

Operating  MBluh 

Date 

Operating 

l-quipment 

Number 

(MW) 

Ratio 

(MW) 

(mo  da  111) 

llourN 

Ci>ntigur.ilion  P I iHi»iler  PLintl 

Holier 

1 

1000  (20.1,1 1 

0 15 

325.9  (95.5) 

1.31,  0 

8.760 

Misorption  ( hiller^ 

1 

100  ( 20, ,1) 

0.2(1 

34.7  (10.2) 

81411 

8,760 

Ci>nriguratn)n  P-2  (Diesel) 

Diesel 

2* 

X.S  ( 24.0) 

0.62 

160.3  (40.6) 

0.'28/13 

16. .308 

Holler 

■)* 

120  ( 35.2) 

0.30 

210.7  (61.8) 

1 '31  7 

6.053 

\hsorption  ( hiller* • 

3 

12  ( 3.5) 

0.73 

.14.7  (10.2) 

814/1 1 

17.704 

Coinpressli>n  ( hiller 

1 

12  ( 3.5) 

1.146 

1 

K(  2.3) 

0.63 

18.3  ( 5.4) 

11/24/1 1 

1,570 

( i)olin*:  liHver 

3 

100(106  ) 

0.42 

182.1  (53.4) 

0/18/17 

14,834 

( onliguratitHi  P*3  I Diesel  With 

1 horoial  Storu)!C) 

Diesel 

T * 

85  ( 24.0) 

0.61 

166.6  (48.8) 

0/28/12 

16,358 

Holler 

2* 

120  ( 35.2) 

0.29 

210.7  (61.8) 

1/31'  7 

7.013 

\hst)rplu)n  ( hiller*  * 

3 

12  ( 3.5) 

0.60 

20.0  ( 8.5) 

8 14/14 

14,838 

( oinpression  C hiller 

1 

12  ( 3.5) 

1 .068 

1 

X(  2.3) 

0.61 

17.8(  5.2) 

11 '24  0 

1 .405 

C ooling  ^l»^^er 

•) 

100  ( 20.3) 

0.39 

177.4  (52.0) 

0 13/16 

12.388 

Hot  Water  lank 

1 

31  ( 0.1 ) 

0.1  1 

27.0  ( 8.2) 

0/20,' 14 

716 

( i»lil  Water  1 ank 

f 

)6(  4.7) 

0.24 

13.5  ( 4.0) 

12'13,23 

7,823 

C ontieiira!it>n  P4  (Clas 

1 urhoic) 

Cias  1 urbine 

85  ( 24.0) 

0.61 

164.3  (48.2) 

0 28  12 

16.321 

Holler 

s* 

120(  35  21 

0 36 

205.6  (60.3) 

131  7 

2,078 

-\bst>rption  C hiller** 

3 

12  ( 3 5i 

0.7.1 

34.7  (10.2) 

8 14  11 

18,618 

C ompressuni  Chiller 

1 

12  ( .1.5  1 

608 

1 

8 ( 2 3) 

0.61 

18.0(  5.3) 

11 /.3()/  1 

008 

( ooline  1 ower 

1 

100  ( 20.3) 

0.76 

100.0  (20.3) 

12'31  17 

8.760 

C imlieuration  P-5  (Diesels  With  Deeenirali/ed  Coolingl 

1 )iesel 

1 

8' ( 24  0) 

0.57 

166.8  (48.0) 

0/26/12 

17.524 

Holler 

•> 

120(  35.2) 

0.30 

240.0  (70.3) 

1/31/  7 

8,382 

\bst>rpiion  C hiller** 

I 

12  ( 3.5) 

2.208 

3 

8(  2.3) 

0.7.1 

34.7  (10.2) 

8/14,'il 

24.041 

C ompression  Clniler 

1 

4(  1.2) 

0.05 

4.0  ( 1.2) 

12/30/  6 

1,004 

C t>oling  l ower 

*> 

100  ( 20  ,1) 

13,735 

28  ( 8.2) 

0.46 

161.1  (47.2) 

6/  6/18 

0 

1 

40)  11.7) 

0 

•Plus  one  reserve  unit. 
**Sinele  sljee. 
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TaWe  IS 

Central  and  Total  of  Regional  Plant  Energy  Consumption  and  Life-Cycle  Costs 

Annual  Hnergy  Consumption,  OKlu  (TJ) 

Oil  Natural  lias  Klectricity*  Total 


equipment  Cost 

Life  Cycle  Cost 

Primer  Mover 

Diesel 

T urbine 

1 urbine 

Boiler 

in  25  Years,  M$ 

in  25  Years.  M$ 

Boiler  (Regional) 

. 

1654 

832 

2486 

27.59 

368.96* 

(1745) 

(878) 

(2623) 

Diesel  ( Regional 

2695 

_ 

407 

3102 

87.48 

474.30 

(2843) 

( 429) 

(3272) 

Diesel  wiih  1 hernial  Storage  (Regional) 

2678 

398 

3076 

85.88 

555.44 

(2825) 

( 420) 

(3245) 

(las  lurhineon  Natural  (las  ( Regional) 

3734 

185 

3919 

93.31 

432.52 

13939) 

( 1951 

(4134) 

(las  1 urhine  on  Oil  ( Regional) 

J734 

185 

3919 

93.31 

596.52 

(3939) 

( 195) 

(4134) 

Boiler  (Central) 

_ 

2338 

832 

3170 

12.08 

396.79* 

(2467) 

(878) 

(3344) 

Diesel  (Central) 

2648 

378 

_ 

3028 

45.95 

424,11 

(2794) 

( 399) 

(3192) 

Diesel  with  Thermal  Storage  (Central) 

2626 

372 

_ 

2998 

45.22 

419.99 

(2770) 

( 392) 

(3163) 

(las  Turbine  on  Natural  Cas  (Central) 

3503 

188 

_ 

3691 

50.12 

369.62 

(3696) 

( 198) 

(3894) 

Gas  Turbine  on  Oil  (Central) 

3503 

188 

_ 

3691 

50.12 

523.46 

(3696) 

( 198) 

(3894) 

*IX>es  not  represent  fuel  energy  wasted  hy  utility  to  make  eleetricity. 
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Table  16 

Ranking  of  Hnergy  Plants  by  Energy  C'unsiimed 


5 CONCLUSIONS  AND 
RECOMMENDATIONS 


Kjnk 

riant 

I nergy . (iHtu  1 1 .1 1 

1 

Hoilor  (KcLiiMUl) 

:4«6  I’bMl* 

2 

Diesel  ^ith  Ihermal  Slorajie 
(Ceniral) 

2998  (3163) 

3 

Diesel  (t'entral) 

3028  (3192) 

4 

Diesel  \Mlli  Thermal  Storage 
iHeeional) 

3076  (324. S) 

5 

Diesel  1 KegionaD 

3102 (3272) 

6 

Boiler  ((  emral) 

3170 (3344)* 

7 

(ias  1 urhine  ((.  eniral) 

3691 (3894) 

H 

(’•as  1 iirhme  (Regional) 

.3919  (4134) 

iii>t  roprcNcnt  fuel  cncrcv  wjslcil 
doclriuu 

1 by  iKilily  lo  mjl 

Table  17 

Ranking  of  Energy  Plants  by  Life-Cycle  Cost 

Rank 

llant 

LifcT'ycIc  Cost 
in  25  Years,  'IS 

I 

Boiler  ( Regional) 

368.96* 

2 

(•as  1 urhtne  on  Natural  ( ias 
((  enirah 

369,62 

3 

Boiler  K entral ) 

396.79* 

4 

Diesel  with  Ihermal  Storage 
(Central ) 

419,99 

5 

Diesel  (Ceniral) 

424  1 1 

6 

(ias  1 urbine  on  Natural  (ias 
(Regional) 

432.52 

7 

Diesel  (Regional) 

474,30 

H 

(•as  Turbine  on  Oil  (Central) 

523  46 

9 

Diesel  with  Ihermal  Storaee 
(Regional) 

555.44 

10 

(•as  1 urbine  on  Oil  ( Regional) 

596.52 

not  ri’pri'M'ni  tin-l  cniTirv  vsjsied  b>  utility  to  tn.iki' 
clcclrkity 


Conclusions 

rite  lollowing  eonclusioits  were  drawn  based  on  the 
study  results: 

1 . Many  Army  installations  have  sulTicicnt  thermal 
demand  to  justify  considering  centralized  TE  applica- 
tions for  a large  portion  of  each  installation.  In  addition, 
enough  large  heating  plants  exist  at  most  installations 
so  that  implementing  a central  TE  system  might 
require  only  minor  additions  to  the  thermal  distribu- 
tion systems. 

2.  The  method  for  assessing  candidate  regional  and 
central  plants  presented  in  this  report  is  viable.  The 
method  considers  both  energy  and  life-cycle  costs  of 
the  plant. 

•V  Central  TE  plants  can  be  shown  to  be  econom- 
ically advantagctnis  over  regional  I f plants,  mostly 
because  of  economies  of  scale  in  prime  movers.  Added 
load  diversity  beyond  that  available  to  legional  plants 
provides  a secondary  benefit. 

4.  Peak  shaving  by  thermal  storage  is  beneficial  foi 
large  diesel  plants. 

5.  The  most  fuel-efficient  plants  arc  central  plants 
using  diesel  engines  with  thermal  storage.  Central  diesel 
plants  wilhout  storage  arc  second.  Regional  diesel 
plants,  and  central  and  regional  gas  turbine  plants 
follow  in  order  of  decreasing  fuel  efficiency. 

6.  The  plants  having  the  lowest  life-cycle  cost  are 
central  plants  using  gas  turbines  on  natural  gas.  as  long 
as  gas  maintains  its  current  price  structure.  Central 
diesel  plants  with  thermal  storage  are  next,  followed  by 
central  diesel  plants  without  theimal  storage.  Regional 
gas  turbine  plants  on  natural  gas  (presuming  curieni  gas 
price  structure)  and  diesel  plants,  central  gas  turbine 
plants  on  oil.  regional  diesel  plants  with  theimal  storage, 
and  regional  gas  turbine  plants  on  oil  conclude  the  list. 

Recommendations 

The  concept  of  a centralized  T|-i  system  for  military 
installations  should  be  con.sidered  when  ( I ) a TE  study 
IS  being  made  in  conjunction  with  a new  construction 
project  in  accordance  with  the  Dol)  directive.' ''  (2) 

' ^ MiiJilu  aliiiii  <>l  l)i>l)  Consiniclioii  Criicria  \taniial 
•/27U  IM  (l)eparlrtienl  of  Dclense,  1.1  September 
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several  new  eonsiruetion  projects  are  scheduled  for  one 
installation  during  a relatively  short  time  period  (3  to  5 
years),  or  (3)  an  existing  boiler  plant  is  to  be  expanded 
or  have  a major  boiler  retrofit. 

It  is  recommended  that  the  method  described  in  this 
report,  including  use  of  the  C'liPS  portion  of  the  BL.‘\ST 
program  to  simulate  central  and  regional  TE  plants,  be 
used  to  assist  installations  and  Corps  Districts  m im- 
mediate and  long-range  planning  and  design  of  energy 
plants. 
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APPENDIX  A: 

ANALYSIS  AND  SYNTHESIS  OF  ENERGY 
DEMANDS 

Tlic  nii'lliod  ol  central  1 1:  plant  analysis  presented 
in  Chapter  d requires  determination  ol  the  load  Ibi  each 
load  center  Ihis  appendix  provides  a piocedine  lot 
determining  this  load  using  metered  data. 

Electrical  Load 

I his  procedure  assumes  that  any  post  large  enough 
to  be  considered  lor  central  11  is  also  a suiriciently 
large  electrical  user  to  be  subject  lo  electrical  demand 
charges.  I'wo  general  types  ol  demand  meters  are 
commonly  used:  interval  demand  recorders  (recording, 
tor  e.xample.  every  1 5 minutes)  and  integrating  demand 
meters  (which  provide  a single  peak  demand  each 
month).  The  type  of  meter  present  determines  the  data 
structure  available,  and  thus  the  load-determining  tech- 
nique. 

Interval  Demand  Reeorders 

This  technique  assumes  that  all  electric  power  passes 
through  demand  recorders  from  which  hourly  (or  sub- 
hourly)  data  are  available.  The  hourly  electrical  load  is 
then  the  sum  of  the  recorded  demands  each  hour. 

Alternatively,  a smaller  data  base  can  be  used  by 
using  design  weeks  and  the  procedure  in  the  following 
section. 

Inten  al  Demand  Keeorders  With 
Integralinit  Demand  Meiers 

lilts  lechtitt|ue  assumes  that  sottie  electric  power 
passes  through  one  demand  recorder,  from  which  hourly 
(or  subhouily)  data  are  available,  while  the  balance  of 
the  power  passes  through  an  integratmg  demand  meter 
file  hourly  data  were  used  lo  parlition  the  monthly 
il.ila  into  ilestgn  weekdays  and  weekends  lor  three 
seasons  siiininet  (June  August),  winter  (December 
f ebriiary).  and  sptiiig  tall  (March-May.  .Sepiember- 
November)  Hits  was  accomplished  by  dciermiiiing 
some  scale  (actors  that  change  monthly  and  others  that 
change  seasonally 

rite  proceditie  is  as  lollows 

I Choose  a d-week  sample  Irom  the  houily  data  lot 
each  ol  (he  three  seasons,  obtaining  three  samples. 

d Deieimine  the  average  weekday  load  per  sample 
(D)  bysuiiiming  the  sample  weekday  loads  and  dividing 
by  10  fills  y lelds  ihiee  values 


3.  Determine  the  average  load  for  each  weekend 
day  per  sample  (L)  by  summing  the  sample  weekend 
loads  and  dividing  by  4.  This  yields  three  values. 

4 Compute  the  average  sample  daily  load  per 
sample  (d ) as: 

d=  |(.sX  D)  + (dX  l )|  7 

I his  yields  Ihiee  values. 

5.  Compute  the  weekday  scale  factor  per  sample 
(.S|))  by  dividing  D by  d.  This  yields  three  values. 

(s.  Compute  the  weekend  scale  factor  per  sample 
(.Sp  ) by  dividing  f.  by  d.  This  yields  three  values. 

Determine  the  average  demand  each  weekday 
hour  of  the  sample  (H[))  by  summing  the  demands 
during  the  given  hour  over  the  sample  weekdays  and 
dividing  by  10.  This  yields  24  values  per  sample  or  a 
total  of  7 2 values. 

8.  Determine  the  average  demand  each  weekend 
hour  ol  the  sample  (Hp)  by  summing  the  demands 
during  the  given  hour  over  the  sample  weekend  and  by 
dividing  by  4.  This  yields  24  values  per  sample  or  a 
total  of  72  values. 

4.  Compute  the  weekday  hourly  scale  factor  per 
sample  (-S|(p))  by  dividing  Hpy  by  D Ihis  yields  ‘'2 
values. 

10.  Compute  the  weekend  hourly  scale  factor  per 
sample  (S||[. ) by  dividing  H[.  by  1:.  This  yields  72 
values. 

11.  Determine  the  average  daily  consumption  per 
month  (Dy^)  by  dividing  the  total  monthly  consump- 
tion from  all  meters  by  the  number  of  days  per  month. 
This  yields  1 2 values. 

12.  Compute  the  hourly  electrical  load  for  a week- 
day in  each  month  (Lpy)  by  multiplying  Dy^  by  Sup 
by  .S|).  Tins  yields  24  values  per  month.  288  values  per 
year. 

13.  Compute  the  hourly  electrical  load  for  a week- 
end in  each  month  (Lp)  by  multiplying  Dy^  by  S|^p 
by  .Sp.  fhis  yields  24  values  per  month.  288  values  per 
year. 


14,  Construct  the  hourly  electrical  load  over  the  year 
by  using  L[y  or  Lj,  values,  as  appropriate,  for  each  day. 
The  hourly  electrical  load  calculated  in  this  step  is 
inserted  into  the  CEPS  program. 

Integrating  Demand  Meters 

In  this  instance,  electrical  consumption  is  known 
only  monthly.  The  procedure  is  as  follows: 

1.  Obtain  hourly  electrical  demand  readings  over  a 
2-week  period  for  the  current  season,  since  2 weeks  can 
almost  always  be  spared  for  metering  in  current  project. 

2.  Follow  the  procedure  in  the  preceding  section  to 
obtain  hourly  values  for  the  current  season. 

3.  Use  the  standard  values  and  profiles  from  Tables 
A I through  A3  and  montltly  consumption  records  to 
determine  hourly  values  for  the  out-of-season  months, 
following  steps  II  througli  14  of  the  procedure  above. 

Thermal  Load 

Metered  thermal  data  is  most  readily  available  in  the 
form  of  hourly  boiler  logs  at  boiler  plants,  making  it 
extremely  convenient  to  identify  the  distribution  system 
of  a boiler  plant  as  a thermal  load  center.  The  procedure 
for  determining  the  load  for  thermal  load  centers  so 
defined  is  as  follows: 

I . Determine  the  hourly  steam  load  in  each  boiler 
plant  for  the  year  using  boiler  logs;  OR 


2 a.  Determine  the  hourly  steam  load  in  each  boiler 
plant  for  each  design  sample,  using  boiler  logs. 

b.  Follow  steps  1 through  3 and  7 through  4 of 
the  14-step  procedure  above. 

c.  Determine  daily  totals  of  steam  production 
over  the  year. 

d.  Determine  the  least -squares  correlation  f ^ (T) 
between  daily  steam  production  and  daily  mean  tem- 
perature for  each  boiler  plant  (x)  each  season  (y  ).* 

c.  Determine  cooling  load  per  plant  (usually  a 
seasonal  constant  known  by  operating  personnel), 

f.  Determine  steam  users  load  by  multiplying  the 
average  daily  steam  generation  over  successive  warm 
days  for  which  the  mean  temperature  was  greater  than 
76° F (24°C)by  the  hourly  scale  factor,  and  subtracting 
the  cooling  load  from  the  product. 

g.  Determine  heating  load  by  multiplying  f y (T) 
by  the  hourly  scale  factor  and  subtracting  the  sum  of 
the  steam  users  load  and  the  cooling  load. 

h.  Insert  the  cooling,  steam  users,  and  heating 
loads  into  the  CEPS  program  as  the  thermal  loads. 


‘Seasonal  designations  are:  s-summer;w-winter;sf-spring/ 
faU. 


Table  A1 

Scale  Factor  to  Adjust  Average  Daily  Electrical  Load 
(Unique  for  Each  Month) 
for  Weekday /Weekend  Differences 


Weekday,  S^ 

Weekend,  Sg 

Winter 

1.073 

0.924 

Spring/1  all 

1.182 

0.818 

Summer 


1.070 


0.929 


Table  A2 

Hourly  Weekday  Electrical  Scale  Factors,  Sup  (%) 


Table  A3 

Hourly  Weekend  Electrical  Scale  Factors,  She  (%) 


Hour  of  Day 

Winter 

Spring/Fall 

Summer 

Hour  of  Day 

Winter 

Spring/Fall 

Summer 

1 

3,4 

3.2 

3.4 

1 

4.0 

3.9 

4.3 

2 

3.1 

2.9 

3.1 

2 

3.7 

3.7 

4.0 

3 

3.0 

2.8 

2.9 

3 

3.5 

3.4 

3.7 

4 

2.9 

2.6 

2.8 

4 

3.4 

3.7 

3.6 

5 

2.8 

2.6 

2.7 

5 

3.3 

3.2 

3.5 

6 

3.0 

2.7 

2.7 

6 

3.3 

3.1 

3.4 

7 

3.1 

3.1 

3.0 

7 

3.4 

3.2 

3.4 

8 

4.1 

3.8 

3.3 

8 

3.5 

3.3 

3.4 

9 

5.1 

4.7 

4.2 

9 

3.6 

3.5 

3.5 

10 

5,2 

4.9 

4.5 

10 

4.0 

3.9 

3.8 

11 

5.2 

5.1 

4.8 

11 

4.3 

3.5 

4.3 

12 

5.2 

5.2 

5.1 

12 

4.5 

4.4 

4.6 

13 

5.2 

5.2 

5.1 

13 

4.6 

4.8 

4.8 

14 

5.1 

5.2 

5.3 

14 

4.6 

4.9 

4.9 

15 

4.7 

5.2 

5.3 

15 

4.6 

4.9 

4.7 

16 

4.7 

5.2 

5.4 

16 

4.5 

4.9 

4.5 

17 

4.6 

5.0 

5.3 

17 

4.5 

4.9 

4.5 

18 

3.9 

4.5 

4,9 

18 

4.4 

4.8 

4.6 

19 

4.1 

4 4 

4.6 

19 

4.7 

4.9 

4.5 

20 

4.8 

4.5 

4.5 

20 

5.0 

4.7 

4.4 

21 

4.6 

4.5 

4.3 

21 

4.8 

4.8 

4.3 

22 

4.5 

4.6 

4.4 

22 

4.6 

4.9 

4.5 

23 

4.2 

4 4 

4.2 

23 

4.6 

4.7 

4.3 

24 

3.6 

3.9 

4.0 

24 

4.4 

4.4 

4.1 

33 


APPENDIX  B:  ENERGY  UTILIZATION  SUMMARIES 


This  appendix  presents  the  munilily  energy  utilisation  summaries  lor  the  Fort  Bragg  case  study. 


Fable  Bl 

Central  Plant  Energy  Utilisation  Summary -Configuration  H-1 
(SI  conversion  factor:  I Btu  = 1 .055  kj.) 


INTH 

TOTAL 

HEAT 

ENERGY 

TOTM. 

ELECTR 

EMERGV 

FG_BJU1 

COOLING 

ENERGY 

RCVREO 

ENEMY 

(GBTUi 

W75TE0 

RCVRABl 

ENERGY 

heat  en 

INPUT 

COaiNG 

(CJTUj 

EUC  EN 
INPUT 
COOLING 

JGBJUI 

ENEMY 

INPUT 

HEATING 

ENERGY 

INPUT 

ELECTRC 

JG0TUJ_ 

TOTAL 

FUEL 

INPin 

(GBTU) 

TOtM. 

ENERGY 

INRIJT 

(MtU) 

AVERAGE 

PLANT 

EFFIC 

1 

29.356 

13  653 

2.009 

.025 

0.000 

3.863 

,069 

40.345 

45.508 

43.100 

88.608 

49. 

2 

25.646 

14.831 

1.814 

.022 

0.000 

3.480 

-002 

35 . 202 

49.436 

37.684 

87.170 

46. 

3 

28.051 

13.978 

5.357 

.025 

0.000 

5.375 

.069 

38.752 

46.595 

41.518 

88.113 

46. 

4 

22.135 

16.160 

5.1B4 

.024 

0.000 

5.140 

.066 

30.228 

50.533 

32.873 

B3.406 

45. 

5 

15.128 

16.607 

5.357 

.025 

0.000 

5.400 

.069 

20.956 

55.356 

23.735 

79.091 

40. 

6 

14.452 

20.518 

5.184 

.024 

0.000 

5.249 

.066 

20.119 

63.393 

22.819 

91.213 

38. 

7 

14.935 

20.333 

5.357 

.025 

0.000 

5.441 

.069 

20.856 

67.778 

23.655 

91.433 

39. 

8 

14.938 

20.703 

5.357 

.025 

0.000 

5.438 

.069 

20.847 

69.009 

23.646 

97.655 

38. 

9 

15.930 

25.590 

5.184 

.024 

0.000 

5.205 

.066 

21  .940 

85.299 

24.617 

109.916 

38. 

10 

22.832 

16.139 

5.357 

.025 

0.000 

5.306 

.069 

31 .138 

53.797 

33.869 

87.666 

44. 

U 

26.309 

14.611 

5.184 

.024 

0.000 

5.178 

.066 

36.208 

48.703 

38.873 

87.575 

47. 

12 

28.275 

13.861 

2.009 

■ 025 

0.000 

3.071 

■ 069 

38.967 

46.203 

41.726 

17.979 

46. 

257.989 

205.983 

53.352 

.290 

0.000 

58.944 

.807 

355.559 

686.611 

388.114 

1074.725 

43. 
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Table  B2 

Central  Plant  Energy  Utili/atiun  Summary  Configuration  H-! 
(SI  conversion  factor:  1 Btu  = 1 .055  kJ.) 


TOTAL 

HEAT 

ENERGY 

(MTU) 

TOTAL 

ELECTR 

ENERGY 

(GBTUJ. 

COOLING 

ENERGY 

(GBTUi 

RCVRED 

ENERGY 

(^GOTU) 

WASTED 

RCVRABL 

ENERGY 

. iCBTlIJ. 

HEAT  EN 
INPUT 
COOLING 

_ 

ELEC  EN 
INPUT 
COOLING 
(GBTU) 

ENERGY 

INPUT 

HEATING 

_XMTUJ 

ENERGY 

INPUT 

ELECTRC 

JGBTUi_ 

total 

fuel 

INPUT 

(C8TU2 

total 

ENERGY 

INPUT 

(GBTUi 

AVERAGE 

plant 

EFUC 

iPERCTl 

I 

28.367 

13.869 

2.009 

18.969 

.937 

2.4bO 

.244 

37.930 

18.389 

59  008 

59.008 

72. 

2 

25.005 

15.093 

1.014 

19.340 

2.399 

2.663 

.186 

34.145 

20.946 

57.588 

57.530 

70. 

3 

29.887 

14.616 

5.357 

20.943 

.561 

7.615 

.440 

39.671 

19.082 

61.413 

61.413 

72. 

4 

25.224 

15.797 

5.184 

21.581 

2.278 

9.526 

.171 

34.554 

21.593 

58.825 

58.825 

70. 

5 

18.905 

17.399 

5.357 

19.088 

7.205 

11.859 

.069 

29.136 

26.837 

59.063 

59.063 

61  . 

6 

18.107 

21  .431 

5.184 

19.412 

11.205 

12.173 

.072 

29.636 

35.219 

6H.027 

68.027 

58. 

7 

18.712 

21.141 

5.357 

19.864 

10.757 

12.453 

.073 

30.316 

34.404 

67.964 

67.964 

59. 

8 

18.715 

21 .508 

5.357 

19.985 

11.076 

12.509 

.074 

30.458 

35.119 

68.836 

68.836 

58. 

9 

19.586 

26.628 

5.184 

21.377 

15.143 

12.601 

.075 

32.911 

45.680 

81 .871 

61 .871 

56. 

10 

26.083 

16.807 

5.357 

22.764 

2.550 

9.941 

.166 

35.822 

23.042 

61.638 

61.638 

70. 

11 

28.661 

15.222 

5.184 

22.032 

.819 

0.185 

.314 

38.206 

19.982 

60.775 

60.775 

72. 

12 

27.568 

14.047 

2.009 

19.347 

.794 

2.822 

.205 

36.705 

18.513 

57.892 

57.892 

72. 

264.820 

213.558 

53.352 

244.701 

65.723 

104.808 

2.068 

409.489 

318.805 

762.902 

762.902 

66. 

Table  Bi 

Central  Plant  Energy  Utilization  Summary  Configuration  H-.f 
(SI  conversion  factor:  1 Btu  = l.OSS  kJ.) 

TOTAL 

HEAT 

ENERGY 

(GBTU) 

total 

ELECTR 

ENERGY 

(GBTUJ 

COOLING 

ENCRGY 

(G8JUT 

RCVRED 

ENERGY 

(.GBTUji 

HASTED 

RCVRABL 

ENCRGY 

JGBXU) 

HEAT  EN 
INPUT 
COOLING 
(C^TU) 

ELEC  EN 
INPUT 
COOLING 
(GBTU) 

ENERGY 

INPUT 

HEATING 

_iGBTU_) 

ENE RGT 
INPUT 
ELECTRC 

[GBTJX, 

total 

FUEL 

INPUT 

(^GBJjJ) 

TOTAL 

ENERGY 

INPUT 

((.0_T_UJ__ 

AVERAGE 

PLANT 

IFFIC 

(PiPCT) 

1 

28.981 

13.933 

2.009 

19.314 

.710 

1 .919 

.232 

38.587 

18.364 

58.933 

58  933 

73. 

2 

26 . 3% 

15.089 

1.814 

19.739 

2.027 

1.616 

.162 

35.802 

20.780 

57.327 

57.327 

72 

3 

30.428 

14.582 

5.357 

21  .283 

.153 

7,079 

.418 

40.060 

18.829 

60.931 

60.931 

74. 

4 

26.964 

15.662 

5.184 

21 .880 

1.704 

7.265 

.157 

36 . 580 

21.118 

58.002 

58.002 

73. 

5 

23.421 

17.076 

5.357 

19.234 

6,623 

5.610 

.061 

35.347 

26  170 

58.268 

58 . 268 

70. 

6 

22.581 

21.108 

5.184 

19.607 

10.728 

5.508 

.063 

36.307 

34  542 

67.296 

67.296 

65. 

7 

23.336 

20.841 

5.357 

20.083 

10.325 

5.661 

.065 

37.142 

33.808 

67.335 

67.335 

66. 

8 

23.313 

21.221 

5.357 

20.175 

10.573 

5.706 

.065 

37.254 

34.496 

68. 148 

68.148 

65. 

9 

25.007 

26.265 

5.184 

21.613 

14.428 

5.514 

.066 

41.269 

44.715 

eu.ei3 

80.813 

63. 

10 

27.986 

16.660 

5.357 

23.124 

1.981 

7.484 

.154 

38.095 

22.546 

60.778 

60.778 

73. 

11 

29.390 

15.162 

5.184 

22.431 

.310 

7.342 

.293 

38.768 

19.643 

60.100 

60.100 

74. 

12 

28.204 

14.103 

2.009 

19.675 

.481 

2.260 

.191 

37.318 

18.435 

57.722 

57.722 

73. 

316.007 

21 1 . 702 

53.352 

248.157 

60.042 

62.963 

1.928 

452.529 

313.445 

755.652 

755.652 

70. 

w 


Table  B4 

Central  Plant  Energy  Utilization  Summary  Configuration  H-4 
(SI  conversion  factor:  I Btu  = 1.0S5  kJ.) 


MONTH 

TOTAL 

H£AT 

CNERGT 

(GBTU) 

TOTAL 
ELECTA 
EAEAGV 
(GO  TUT 

C00LII4G 

ENERGY 

(GBTU) 

RCVREO 

INCRGY 

LGBTUi 

HASTED 

RCVRABl 

CNCRGT 

HEAT  £N 
INPUT 
COOUNO 
(GBTU) 

ELK.  IN 
INPUT 
COOLING 

jcnilil 

ENCRQT 

INPUT 

HEATING 

(GBTU) 

ENt RGY 

INPUT 

ritCTRC 

TOTAL 

FUfl 

INPUT 

TOTAL 

ENERGY 

INPUT 

(GBTUl^ 

AVIRAOt 
PLANT 
ETTIC 
(PI  ACT) 

1 

Z8.944 

14.077 

2.009 

23.836 

11.196 

3.880 

.192 

46.058 

23.447 

72.732 

72.732 

59. 

2 

25.58? 

15.168 

1.814 

22.679 

10.831 

4.402 

.107 

44.022 

27.910 

75.117 

75.117 

54. 

3 

31 .244 

14.48S 

S.3S7 

?6.?71 

7.009 

11.354 

.216 

49.771 

23  776 

7S.7/16 

76.746 

60. 

4 

25.709 

15.615 

5.  184 

25.278 

16.263 

13.291 

.098 

45.441 

26.773 

77.689 

77.689 

53. 

5 

18.905 

17.085 

5.357 

20.903 

36.234 

16.215 

.095 

39.641 

36  91  1 

a0.74l 

BO. 741 

45. 

6 

18.107 

20.979 

5.184 

20.047 

30.712 

16.598 

.098 

40.316 

47.131 

91.754 

91.754 

43. 

7 

18.712 

20.806 

5.357 

20.717 

33.095 

17.101 

.101 

41.520 

46  794 

92.750 

92.750 

43. 

8 

18.715 

21.174 

5.357 

20.721 

32.647 

17.089 

.101 

41.490 

47.411 

93.332 

93.332 

43. 

9 

19.586 

26.052 

5.184 

21 .525 

28.006 

15.897 

.096 

41.787 

55.611 

101.465 

lOI  .465 

45. 

10 

26.496 

16.614 

5.357 

26.340 

17.937 

13.816 

.111 

47.437 

30.953 

82. on 

82  018 

53. 

11 

29.659 

15.076 

5.184 

26.904 

8.497 

11.975 

.149 

49.423 

25.852 

78.513 

78.513 

57. 

12 

28.220 

14.318 

2.009 

24.358 

13.908 

4.440 

.107 

44.919 

23.606 

71.746 

71.746 

59. 

289.884 

211.450 

53.352 

279.529 

247.136 

146.059 

1.471 

531.823 

418.076 

994  603 

994.603 

51. 

Table  B5 

Central  Plant  Energy  Utilization  Summary -Configuration  A-1 
(SI  conversion  factor:  I Btu  = 1.055  kJ.) 


MONJH 

total 

HEAT 

ENERGY 

(GBTUi 

total 

ELECTR 

ENERGY 

tGBTyi 

COOLING 

ENERGY 

(.GBTUj 

RCVREO 

ENERGY 

LGBjyl 

HASTED 

RCVRABL 

ENERGY 

HEAT  EN 
INPUT 

cooling 

(GBTU) 

ELEC  EN 
INPUT 
cooling 
jGnjui 

ENERGY 

INPUT 

HEATING 

XGBT_y)_ 

ENERGY 

INPUT 

ELECTRC 

(GOTU) 

TOTAL 

FUEL 

INPUT 

TOTAL 

CNEROr 

INPUT 

[G0JU_2 

AVERAGE 

Plant 

erne 

(PERCT) 

I 

68.971 

30.587 

7.931 

.117 

0.000 

8.695 

.416 

97.375 

101.957 

105.691 

207.648 

48. 

2 

58.231 

30.797 

7.164 

.106 

o.noo 

7.939 

376 

82.877 

102.657 

90.470 

193.127 

46 

3 

58.236 

30.427 

7.931 

.117 

0.000 

8.623 

416 

82.010 

101.422 

90.261 

191.683 

46. 

4 

41.277 

29.790 

7.675 

.114 

0.000 

ft. 436 

.402 

58.262 

99.300 

66.331 

165.631 

43. 

5 

28.831 

31.772 

7.931 

.117 

0.000 

9.220 

416 

43.226 

105.906 

52.034 

157.940 

38. 

6 

26.204 

38.992 

7.690 

.114 

0.000 

9.088 

.402 

39.871 

129.972 

48.518 

178.489 

37. 

7 

27.159 

38.568 

7.995 

.117 

0.000 

9.648 

.416 

41  .450 

128.561 

50.411 

178.9/2 

37. 

8 

27.556 

39.280 

8.264 

.117 

0.000 

10.133 

.416 

41.922 

130.935 

50.852 

181.787 

37. 

9 

29.709 

44.275 

7.675 

.114 

0.000 

8.881 

.402 

44.211 

14?. 583 

52.705 

200.28. 

37. 

10 

43.267 

32 . 548 

7.931 

.117 

0.000 

8.710 

.416 

61.054 

108.492 

69.381 

177.073 

43. 

11 

50.639 

29.604 

7.675 

.114 

0.000 

8.258 

.402 

70.420 

98.679 

78.318 

176.997 

45. 

12 

63.608 

30.440 

7.931 

.117 

0.000 

8.689 

.416 

90.128 

101.466 

98.444 

199.911 

47. 

SZ3.678 

407.079 

93.793 

1 .381 

0.000 

106.219 

4.896 

752. BOR 

1356.931 

653.416 

2210,347 

42. 

56 


1 


Table  Bb 

CeiUral  Plant  tnergy  Utili/ation  Summary  Configuration  .\-2 
(SI  conversion  factor:  1 Btu  = 1.055  kJ.) 


total 

TOTAL 

HASTED 

meat  en 

ELEC  EN 

ENERGY 

ENERGY 

TOTAL 

lOTAl 

AVI  RAGE 

HEAT 

ELECTR 

COOLING 

RCVRED 

RCVRAQl 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

PI  ANT 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

COOLING 

COOLING 

HEATING 

ELCCTRC 

INPUT 

INPUT 

ff  FIC 

TnnTu) 

(OOTU) 

_(.CJL7.Ui 

[GDTUJ 

JGBTUl 

_[Gnruj 

JOBTUI 

(r.iiiiiT 

(n.nTuj_ 

(P(  Pc.U 

r 

73.61S 

30.949 

7.931 

43.907 

2.090 

14.801 

.121 

99.U81 

40.823 

145.019 

145.019 

72. 

2 

62.605 

31.195 

7.164 

41.757 

3.045 

13.604 

.111 

84.751 

41 .896 

131.351 

131.351 

71. 

3 

63.080 

30.733 

7.931 

43.394 

1.581 

14.770 

.120 

84.799 

40.309 

130.214 

130.214 

72. 

4 

45.964 

30.305 

7.675 

39.425 

4.644 

14.832 

.121 

63.569 

41.726 

110.426 

110.426 

69. 

5 

33.675 

32.695 

7.931 

33.707 

13.209 

16.962 

.140 

51.917 

50.572 

108.352 

108.352 

61 . 

6 

30.887 

40.066 

7.690 

33.327 

21.295 

17.713 

.147 

51.350 

66.907 

124.367 

124.367 

57. 

7 

31.937 

39.631 

7.995 

34.021 

20.047 

18.122 

.149 

52.279 

65.245 

123.728 

123.728 

53. 

8 

32.385 

40.346 

8.264 

34.756 

20,710 

18.893 

.150 

53.262 

66.564 

126.069 

126.069 

58. 

9 

34.397 

45. 331 

7.675 

37.301 

24.153 

17.748 

.147 

57.227 

76.557 

139.926 

139.926 

57, 

10 

48.100 

33.104 

7.931 

42.016 

5.216 

15.305 

.125 

66.511 

45.726 

117.528 

117.528 

69. 

n 

55.326 

29.923 

7.675 

42.182 

1.620 

14.302 

.116 

74.392 

39.329 

118.663 

118.663 

72. 

12 

68.452 

30.002 

7.931 

43.899 

1.891 

14.761 

.120 

91.813 

40.529 

137.448 

137.448 

72. 

580.673 

415.079 

93.793 

469.711 

119.509 

191 .814 

1.566 

830.953 

616.183 

1513.091 

1513. 091 

66. 

Table  B7 

Central  Plant  Energy  Utili/.ation  Summary  Configuration 
(SI  conversion  factor:  1 Btu  = 1.055  kJ.) 


total 

TOTAL 

WASTED 

HEAT  EN 

ELEC  EN 

ENERGY 

ENERGY 

TOTAL 

total 

AVERAGE 

HEAT 

ELECTR 

COOLING 

RCVRED 

RCVRABL 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

PLANT 

energy 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

COOLING 

COOLING 

HEATING 

ELECTRC 

INPUT 

INPUT 

CIFIC 

WNIH 

(GBTU) 

iQBTia 

JGBnjl 

MM 

(GOTO) 

-MM 

(GBTU) 

JP_BTU) 

(GBTU) 

(Gnjijl 

(GBTU) 

(PERCT) 

1 

75.734 

30.680 

7.931 

45.056 

.387 

12.345 

.115 

100.46? 

39.668 

142.766 

142.766 

75. 

2 

65.058 

30.877 

7.164 

42.824 

1.580 

10.461 

.101 

87.120 

40.707 

129.300 

129.300 

74. 

3 

64.653 

30.538 

7.931 

44.545 

.152 

12.719 

.116 

85.794 

39.351 

128.213 

128.213 

74. 

4 

49.010 

29.985 

7.675 

40.136 

3.566 

11.019 

.102 

67.074 

40.759 

108.916 

108.916 

73. 

5 

39.278 

32.210 

7.931 

33.931 

12.381 

9.706 

.095 

59.846 

49.487 

107.262 

107.262 

67. 

6 

37.146 

39.647 

7.690 

33.741 

20.509 

8.735 

.096 

60.940 

66.800 

123.426 

123.426 

62. 

7 

37.629 

39.198 

7.995 

34.362 

19.340 

10.049 

.098 

60.747 

64.207 

122.778 

122.778 

63. 

8 

38.203 

39.899 

8.264 

35.084 

20.002 

10.428 

.102 

62.079 

65.506 

125.078 

125.078 

62. 

9 

42.465 

44.940 

7.675 

37.66? 

23.280 

9.13J* 

.096 

70.025 

75.363 

138.863 

138.063 

63. 

to 

51.753 

32. 728 

7.931 

42.776 

4.088 

10.926 

.104 

70.853 

44.642 

115.899 

115.899 

73. 

11 

57.077 

29.729 

7.675 

43.206 

.335 

12.096 

.111 

75.724 

38.417 

116.835 

116.835 

74. 

12 

70.205 

30.532 

7.931 

44.984 

.306 

12.512 

.116 

93.111 

39.414 

135,364 

135.364 

74. 

628.237 

410.966 

93.793 

470. 308 

105.925 

130. 129 

1.251 

893.776 

603.321 

1494.700 

1494.700 

69. 

L 


r 


Table  BS 

Central  Plant  Energy  Utilization  Summary  -Configuration  A-4 
(SI  conversion  factor:  1 Btu  = 1.055  kj.) 


HONTH 

TOTAL 

HEAT 

ENERGY 

(GBTU) 

TOTAL 

ELECTR 

ENERGY 

(GBTU) 

COOUNG 

ENERGY 

(G6TU} 

RCVREO 

ENERGY 

(GOTO) 

HASTED 

RCVRABL 

ENERGY 

(G8TU) 

HEAT  EN 
INfUT 
COOlING 

ELEC  EN 
INPOT 
COOLING 

jGMTUi 

ENERGY 

INPUT 

HEATING 

ENERGY 

IffPUT 

ELECTRC 

JGBTUI 

total 

FUEL 

INPUT 

LQiL^-1 

TOTAL 

ENERGY 

INPUT 

(GBTU) 

AVERAGE 

PLANT 

EFFIC 

(PERCT) 

) 

73.815 

30.893 

7.931 

56.027 

4.407 

17.930 

.156 

119.578 

52.746 

178.512 

178.512 

59. 

2 

62.605 

31.116 

7.164 

51.799 

8.551 

16. 69a 

.142 

102.453 

53.229 

161.450 

161.450 

58. 

3 

63.080 

30.741 

7.931 

54.547 

5.255 

17.9R6 

.153 

102.856 

51.494 

160.570 

160.570 

58. 

4 

45.964 

30.230 

7.675 

45.639 

20.026 

18  948 

.158 

80.760 

54.966 

142.278 

142.278 

54. 

5 

33.675 

32.324 

7.931 

37.339 

41.211 

22.009 

183 

67.306 

66.339 

141.238 

141.238 

47. 

6 

30.887 

39.551 

7.690 

34.663 

43.643 

22.426 

.186 

64.924 

02.743 

155.386 

155.386 

45. 

7 

31.987 

39.196 

7.995 

30.7U4 

46.619 

22.779 

.188 

C5.MJ2 

81 .029 

154.291 

154.291 

46. 

8 

32.385 

39.894 

8.264 

36.180 

45.015 

23.989 

.191 

67.617 

82.924 

158.465 

158.465 

46. 

9 

34.397 

44.827 

7.675 

38.073 

43.196 

21.618 

.180 

69.588 

90.339 

167.397 

167.397 

47. 

10 

48.100 

32.992 

7.931 

47.697 

20.321 

19.498 

.163 

84.131 

59.562 

150.427 

150.427 

54. 

n 

55.326 

29.976 

7.675 

51.237 

8.562 

17.820 

.150 

92.269 

51 .098 

149.524 

149.524 

57. 

12 

68.452 

30.764 

7.931 

55.742 

3.848 

18.082 

.155 

111.804 

52.210 

170.261 

170.261 

58. 

580.673 

412.504 

93.793 

544.628 

290.654 

239.785 

2.004 

1028.789 

770.679 

1889.799 

1889.799 

52. 

7able  B9 

Central  Plant  Energy  Utilization  Summary -Configuration  C-1 
(SI  conversion  factor:  1 Btu  = 1.055  kJ. I 

I 


total 

TOTAL 

HASTED 

HEAT  EN 

ELEC  EN 

ENERGY 

ENERGY 

TOTAL 

TOTAL 

AVERAGE 

HEAT 

ELECTR 

C001.ING 

RCVREO 

RCVRABL 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

PLANT 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

COOLING 

coot  ING 

HEAT  I fir. 

EltCTNC 

INPUT 

INPUT 

EFFIC 

(G^UJ 

(_Geiy| 

(GOTUl 

JG8TU) 

(GnTii) 

(G8TUJ 

ja.iui 

LGOJUl 

(GOTU) 

'PERCTl 

1 

25.332 

12.485 

0.000 

.019 

0.000 

0.000 

0-000 

34.275 

41.616 

36.367 

77.983 

48. 

2 

21.624 

13.168 

0.000 

.017 

0.000 

0.000 

0.000 

29.094 

43.892 

30.973 

74.865 

46. 

3 

21.856 

12.351 

0.000 

.019 

0.000 

o.oon 

0.000 

29.774 

41.170 

31.879 

73.049 

47. 

4 

14.156 

11.623 

0.000 

.018 

0.000 

0.000 

0.000 

19.237 

38.744 

21 .269 

60.012 

43. 

5 

8.  743 

12.698 

0.000 

.019 

0.000 

0.000 

0.000 

12.435 

42.328 

14.631 

56.959 

38. 

6 

19.898 

16.0211 

fl.lOO 

.018 

0.000 

16.277 

.221 

27.726 

53  427 

29.806 

83.2: 1 

U. 

7 

20.561 

15.883 

8.370 

.019 

0.000 

16.873 

.228 

28,741 

52.942 

30.897 

83.839 

43. 

8 

20.561 

16.179 

8.370 

.019 

0.000 

16.063 

.228 

28.724 

53.931 

30.878 

84.tJLl 

43 

9 

9.317 

19.557 

0.000 

.018 

0.000 

0.000 

0.000 

13.084 

65.189 

15.190 

80. j79 

36. 

10 

15.036 

12.723 

0.000 

.019 

0.000 

0.000 

0.000 

20.388 

42.409 

22.484 

64.892 

43 

11 

18.378 

n.flos 

0.000 

.018 

0.000 

0.000 

0.000 

25.071 

39  351 

27.105 

66.456 

45. 

)2 

2J.575 

12,460 

0.000 

.019 

O.DOO 

O.DOO 

0.000 

31.995 

41  632 

34,093 

75.625 

48. 

219.043 

166.959 

24.840 

.223 

0.000 

50.013 

.678 

300.544 

556.531 

325.571 

832.102 

44. 

J 


Table  BIO 

Central  Plant  Energy  Utilir.atiun  Summary -Configuration  C-2 
(SI  conversion  factor:  I Btu  = 1 .055  kJ.) 


TOTAL 

TOTAL 

WASTED 

HEAT  EN 

ELEC  EN 

ENERGY 

ENERGY 

TOTAL 

TOTAL 

AVERAGE 

HEAT 

ELECTR 

COOLING 

RCVREO 

PCVRABL 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

PLANT 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

COOLING 

COOLING 

HEATING 

ELECTRC 

INPUT 

INPUT 

EFFIC 

MONJH 

(GBTUl 

(GOLUj 

TGrru) 

(GBTUl 

JOTTUi 

JGBTU] 

(GBTIli 

(gbtu) 

(GBTU) 

(GBJU)_ 

(PtRCT) 

} 

26.332 

12.645 

0.000 

17.711 

1.304 

0.000 

0.000 

34.473 

17.003 

53.393 

53.593 

71  . 

Z 

21.K'4 

13.371 

0.000 

17.195 

2.578 

0.000 

0.000 

30.046 

18.858 

50.882 

50.882 

69. 

3 

21 .8S6 

12.516 

0.000 

17.528 

1 .574 

0.000 

0.000 

30.110 

16.949 

49.202 

49.202 

70. 

4 

M.166 

11.943 

0.000 

13.280 

5.042 

0.000 

0.000 

21 .632 

10.734 

42.724 

42.724 

61 . 

S 

8.743 

13.268 

0.000 

il.920 

11.244 

0.000 

0.000 

16.709 

25.686 

45.351 

45.351 

49. 

6 

19.898 

16.580 

8.100 

20. 397 

2.940 

16.354 

.092 

27.860 

23.068 

53.018 

53.018 

69. 

7 

20.S61 

16.447 

8.370 

20.862 

2.646 

16.768 

.094 

28.568 

22.683 

53.394 

53.394 

69. 

a 

20.561 

16.738 

8.370 

20.934 

2.736 

16,815 

.094 

28.646 

23.130 

53.925 

63.925 

69. 

9 

9.  317 

20.271 

0.000 

10.597 

16.963 

0.000 

0.000 

18.355 

40.916 

62.245 

62.245 

48. 

10 

15.036 

13.065 

0.000 

14.243 

5.47R 

0.000 

0.000 

22.984 

20.481 

45.901 

45.901 

61. 

11 

lfl.378 

12.000 

0.000 

15. 137 

2.239 

0.000 

0.000 

25.040 

16.704 

44.662 

44.662 

68. 

12 

23.575 

12.613 

0.000 

17.719 

1.223 

0.000 

0.000 

32.076 

16.884 

51  .071 

51.071 

71. 

219  043 

171.446 

24.840 

195.522 

55.967 

49.937 

.280 

317.300 

261.095 

605.970 

605.970 

65. 

Table  B1 1 

Central  Plant  Energy  Utilization  Summary  - 

Configuration  C-3 

(SI  conversion  factor:  1 

Btu  = 1.055  kJ.) 

MONTH 

TOTAL 

HEAT 

ENERGY 

[rOTUj^ 

TOTAL 

ELECTR 

ENERGY 

(.r-BTU) 

COOLING 

ENERGY 

(.GOTUJ 

RCVREO 

ENERGY 

(GOTUJ 

HASTED 

RCVRA0L 

ENERGY 

JGBTUJ^ 

HEAT  EN 
INPUT 
COOL  I NG 
\GBTU) 

ELEC  EN 
INPUT 
COOLING 

JpBJyi 

energV 

INPUT 

HEATING 

JGBTUJ 

ENERGY 

INPUT 

ELECTRC 

J.GRTUJ 

TOTAL 

FUEL 

INPUT 

i^r.RTU} 

TOTAL 

ENERGY 

INPUT 

[G8TU|_ 

AVERAGE 

Plant 

EfflC 

(PERCy 

1 

5.424 

12.644 

0.000 

17.721 

1.294 

.003 

.000 

34 . 606 

16  995 

53.5H2 

53.582 

71  . 

2 

1.0.11 

U.36T 

0.000 

17.208 

2.564 

.003 

.000 

30.539 

IB. 843 

50.861 

50.861 

69. 

3 

1.92.1 

12.515 

0.000 

17.547 

1.562 

0.000 

0.000 

30.196 

16.940 

49.178 

49.178 

70. 

4 

4.319 

11.941 

0.000 

13.288 

5.032 

0.000 

0.000 

21 .902 

18.714 

42.707 

42.707 

61  . 

5 

8.815 

13.257 

0.000 

fl.920 

11.235 

0.000 

0.000 

16.828 

25.672 

45.349 

45.349 

49. 

6 

1.849 

16.495 

8.100 

20.468 

2.766 

13.462 

.090 

30.363 

22.B96 

52.629 

52.629 

7J. 

7 

3.  300 

16.301 

8.370 

21.011 

2.328 

12.869 

.092 

32.147 

22.332 

52.828 

52.828 

75. 

8 

3.121 

16.598 

8.370 

21.061 

2.442 

13.248 

.093 

31.881 

22.799 

53.377 

53.377 

74. 

9 

9.080 

20.270 

0.000 

10.596 

16.961 

0.000 

o.noo 

19.600 

40.902 

62.241 

62.241 

49. 

10 

5.282 

13.064 

0.000 

14.244 

5.477 

0.000 

0.000 

23.380 

20.478 

45.834 

45.884 

62. 

:i 

8.515 

11.098 

0.000 

16.151 

2.223 

0.000 

0.000 

26.028 

16.691 

44.633 

44.633 

68. 

12 

3.654 

12.612 

0.000 

17.728 

1.213 

0.000 

0.000 

32.1B3 

16.876 

51.055 

51.055 

71. 

8.204 

171.064 

24  840 

195.953 

55.096 

39.585 

.275 

329.652 

250.140 

604.324 

604.324 

66. 

Table  BI2 

Central  Plant  Energy  Utilization  Summary  -Configuration  C4 
(SI  conversion  factor:  I Btu  = I.OSS  kJ.| 


'NTH_ 

total 

HEAT 

ENERGY 

[gbtu) 

TOTAL 

ELECTR 

ENERGY 

LQB.TUl 

coaiNG 

ENERGY 

iGBjy] 

RCVREO 

ENERGY 

(G0_TUJ_ 

HASTED 

RCVRABL 

ENERGY 

jGBJUi 

HEAT  EN 
INPUT 
COOLING 
_[GBTU) 

ELEC  EN 
INPUT 
COOLING 
_(,GBTUJ 

ENERGY 

INPUT 

HEATING 

(Gy;u_)_ 

ENERGY 

INPUT 

ElfCTRC 

J^GBJUI 

total 

FUEL 

INPUT 

(G8TU) 

total 

ENERGY 

INPUT 

(GBTU) 

AyCRAGC 

PUWT 

tmc 

(_PtRCt) 

1 

25.332 

12.784 

0.000 

21.520 

7.020 

0.000 

C.OOO 

43.906 

23.361 

69.097 

69.997 

54. 

2 

21.624 

13.469 

G.OOO 

20.379 

7.700 

0.000 

0.000 

39.187 

25.940 

67.747 

67.747 

52. 

3 

21.856 

12.754 

0.000 

20.989 

11.258 

0.000 

0.000 

39.547 

24.021 

66.401 

66.401 

52. 

4 

14.156 

12.205 

0.000 

15.278 

27.693 

0.000 

0.000 

29.517 

27.250 

59.993 

59.991 

44. 

5 

8.748 

13.347 

0.000 

10.290 

43.065 

0.000 

0.000 

22.987 

36.156 

63.213 

63.213 

35. 

6 

19.898 

16.403 

8.100 

21 . 356 

15.251 

21.203 

.120 

36.173 

30.112 

60.989 

60.989 

53. 

7 

20.561 

16.267 

8.370 

22.026 

15.763 

22.168 

.125 

37.685 

30.144 

70.646 

70.646 

52. 

8 

20.561 

16.564 

8.370 

22.084 

16.281 

21.848 

.123 

37. 115 

30.233 

70.121 

70.121 

53. 

9 

9.317 

20.183 

0.000 

10.010 

30.037 

0.000 

0.000 

22.984 

49.664 

76.566 

76.566 

39. 

10 

15.036 

13.309 

0.000 

16.135 

26.451 

0.000 

0.000 

31.388 

29.627 

64.351 

64.351 

44. 

11 

18.378 

12,313 

0.000 

18.643 

14.860 

Q.oon 

0.000 

34.915 

24.423 

62.213 

62.213 

49. 

12 

23.575 

12.786 

0.000 

21.385 

7.369 

0.000 

0.000 

41.304 

23.325 

67.378 

67.378 

54. 

219.043 

172.386 

24.840 

220.893 

222.748 

65.299 

.368 

416.707 

354.455 

807.614 

807.614 

48. 

Table  B13 

Central  Plant  Energy  Utilization  Summary -Configuration  L-l 
(SI  conversion  factor:  1 Btu  = 1 .055  kj.) 


total 

TOTAL 

HASTED 

HEAT  EN 

ELEC  EN 

ENERGY 

ENERGY 

TOTAL 

TOTAL 

AVERAGE 

HEAT 

ELECTR 

COOLING 

RCVREO 

RCVRABL 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

PLANT 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

COOLING 

COOLING 

HEATING 

ELECTRC 

INPUT 

INPUT 

EFFIC 

WNJH 

i^GB_TUl 

(GOJUJ. 

(GOTU) 

(GBTU) 

(GBTU) 

JGRTU^ 

(fiPTU) 

_ (GBTIJ) 

(GOjy) 

(GBTU) 

(PERCT) 

1 

5.513 

5.513 

0.000 

.012 

0.000 

0.000 

0.000 

7.544 

18.378 

8.914 

27.292 

40. 

2 

4.794 

4.794 

0.000 

.011 

0.000 

0.000 

0.000 

6.558 

15.981 

7.749 

23.730 

40. 

3 

5,307 

5.307 

0.000 

.012 

0.000 

0.000 

o.noo 

7.231 

17.690 

8.544 

26.234 

40. 

4 

3.799 

3.799 

0.000 

.008 

0.000 

0.000 

0.000 

5.454 

12.664 

6.444 

19.109 

40. 

5 

1.699 

3.699 

0.000 

.008 

0.000 

0.000 

0.000 

5.460 

12.329 

6.451 

18.781 

39. 

6 

3.374 

3.374 

0.000 

.008 

0.000 

o.noo 

0.000 

5.055 

11.246 

5,973 

17.219 

39. 

7 

5.302 

5.302 

0.000 

.012 

0.000 

0.000 

0.000 

7.348 

17.672 

8.682 

26.354 

40. 

a 

2.771 

2.771 

0.000 

.006 

0.000 

n.ooo 

0.000 

4.436 

9.230 

5.241 

14.479 

36. 

9 

2.412 

2.412 

0.000 

.005 

0.000 

0.000 

0.000 

3.811 

8.041 

4 . 503 

12.544 

38. 

10 

5.086 

5.086 

0.000 

.011 

0.000 

0.000 

0.000 

7.033 

16.953 

8.311 

25.263 

40. 

n 

5.307 

5.307 

0.000 

.012 

0.000 

0.000 

0.000 

7.234 

17.690 

0.547 

26.237 

40. 

12 

5.034 

5.034 

0.000 

.011 

0.000 

0.000 

0.000 

6.885 

16.780 

8.136 

24.916 

40. 

52.398 

52.398 

0.000 

.117 

0.000 

0.000 

0.000 

74.047 

174.661 

67.496 

262.156 

40. 

40 


r 


ruble  in  4 

CeiUrul  Plant  tnergy  Utilization  Summary - Configuration  L-2 
(SI  conversion  factor:  I Btu  = 1 .055  kJ.) 


TOTAL 

TOTAL 

WASTED 

HEAT  EN 

ELEC  EN 

IHiRQ'l 

ENERGY 

TOTAL 

TOTAL 

AVERAGE 

HEAT 

ELECTR 

COOLING 

RCVRCO 

RCVRABL 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

PLANT 

ENfROV 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

COOL  ING 

COOLING 

heating 

ELffTRC 

INPUT 

INPUT 

EFFIC 

(G£TUi 

JG8TU| 

{GDTUJ 

_(MTU) 

(GlflUi 

(OUTU) 

(JM 

1 

5.S13 

5.829 

0.000 

3.790 

4.786 

0.000 

0.000 

6.976 

11.751 

22.357 

22.357 

51. 

2 

4.794 

5.086 

0.000 

3.296 

4.  7 

O.UOO 

0.000 

7.804 

10.315 

19.536 

19.536 

51  . 

3 

5. 307 

5.C21 

0.000 

3.645 

4.672 

0.000 

0.000 

6.C17 

11.410 

21 .592 

21.592 

51. 

4 

3.799 

4. 107 

0.000 

2.656 

3.898 

0.00(1 

0.000 

6.393 

8.776 

16.325 

16.325 

43. 

5 

3.699 

4.020 

0.000 

2.866 

3.968 

0.000 

0.000 

6.363 

8.669 

16.208 

16.208 

48. 

6 

3.374 

3.680 

0.000 

2.473 

3.786 

0.000 

o.oon 

5.H91 

0 098 

15.059 

15.059 

47. 

? 

5.302 

5.620 

0.000 

3.6W 

4.623 

0.000 

0.000 

6.633 

11 . 365 

21 .561 

21 .561 

41 . 

B 

2.771 

3.069 

0.000 

2.043 

3.257 

0.000 

0-000 

4.952 

6,966 

12.757 

12.757 

46. 

9 

2.412 

2.706 

0.000 

1 .010 

3.141 

0.000 

0.000 

4.353 

6 3S4 

n .438 

11  438 

45. 

10 

3.000 

5.400 

0.000 

3.491 

4.530 

0.000 

0.000 

8.290 

11  065 

20.001 

20.001 

50. 

U 

5.307 

5.616 

0.000 

3 646 

4.631 

0.000 

0.000 

8.619 

11  351 

21 .536 

21 .536 

51. 

12 

5.034 

5.344 

0.000 

3.459 

4.512 

0.000 

0.000 

0.193 

10.937 

20.618 

20.618 

50. 

52.39B 

56. 100 

0.000 

36.621 

50  042 

n 000 

0.000 

87  063 

116  953 

219.653 

219  653 

49. 

Table  BI5 

Central  Plant  Energy  Utilization  Summary  Configuration  L-3 
(SI  conversion  factor:  I Btu  = 1 .055  kj.| 


TOTAL 

TOTAL 

w;STEO 

HEAT  EM 

ELEC  EN 

ENERGY 

ENERGY 

total 

TOTAL 

HEAT 

ELECTR 

COOLING 

RCVREO 

RCVRABL 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

energy 

ENERGY 

COOLING 

COOLING 

heating 

ELECTRC 

INPUT 

INPifT 

MONIH 

iGBTUi 

MUil 

jlGBTU) 

.my. 

JCBTU2 

iOBTII) 

[.“ly. 

1 

5.515 

5.829 

0.000 

3.791 

4.705 

0.000 

0.000 

8.982 

11.747 

22.356 

22.356 

2 

4.794 

5.080 

O.UOO 

3.296 

4.227 

0.000 

0.000 

7.804 

10.315 

19.636 

19.536 

3 

5.307 

5.621 

0.000 

3.645 

4.672 

0.000 

0.000 

0.617 

11.410 

21  592 

21.592 

4 

3.799 

4.107 

0.000 

2.686 

3.898 

0.000 

0.000 

6.393 

8.770 

16.325 

16.325 

5 

3.699 

4.020 

o.oon 

2.66b 

3.968 

0.000 

0.000 

6.363 

8.689 

16.208 

16.208 

6 

3.374 

3.680 

0.000 

2.473 

3.788 

0.000 

0.000 

5.891 

8.098 

15.059 

15.059 

7 

5.302 

5.620 

0.000 

3.617 

4.623 

0.000 

0.000 

6.633 

11.365 

21.565 

21.565 

8 

2.771 

3.069 

0.000 

2.043 

3.257 

0.000 

0.000 

4.952 

6.906 

12.757 

12.757 

9 

2.412 

2.706 

0,000 

1 .810 

3.141 

0 000 

0.000 

4.353 

C.354 

11 .498 

11.498 

10 

5.086 

5.408 

0.000 

3.491 

4.538 

0.000 

0.000 

0..'*9O 

11.005 

20.801 

20.801 

11 

5.307 

5.616 

0.000 

3.64h 

4.6J1 

O.(XK) 

0.000 

8.619 

11.351 

21.536 

21.516 

12 

5.034 

5.344 

0.000 

3.459 

4.512 

0.000 

0.000 

8.193 

10.937 

20.618 

20.618 

52.400 

56.100 

0.000 

36.622 

50.041 

0.000 

0.000 

87.090 

116  950 

219.853 

219.853 

41 
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Table  BI6 

Central  Plant  Energy  Utilization  Summary -Configuration  L4 
(SI  conversion  factor;  1 Btu  = 1.055  kJ.) 


HONTM 

TOTAL 

HEAT 

EHCRfst 

(GBTU) 

total 

ELECTR 

ENERGY 

(GBTU) 

COOLING 

ENERGY 

(GBTU) 

RCVR£0 

ENERCr 

iGBM 

WASTED 

RCVRABL 

ENERGY 

(GBTU) 

HEAT  EN 
INPUT 
COOL  I MG 
(GBTuj 

ELEC  EN 
INPUT 
COOLING 
JQBJJJI 

ENERGY 

INPUT 

KEATING 

(GDTU) 

ENERGY 

INPUT 

ELECTRC 

(G8TU) 

TOTAL 

FUEL 

INPUT 

(GBTU) 

TOTAL 

ENERGY 

INPUT 

(GBTU) 

AVERAGE 

PLANT 

EFFIC 

(PERCT) 

I 

5.513 

5.772 

0.000 

6.515 

19.905 

0.000 

0.000 

9.462 

10.812 

21.993 

21.993 

51. 

2 

4.794 

5.027 

0.000 

5.665 

17.899 

0.000 

0.000 

8.203 

9.437 

19.130 

19.130 

51. 

3 

5.307 

5.567 

0.000 

6.271 

20.008 

0.000 

0.000 

8.950 

10.334 

20.909 

20 . 909 

52. 

4 

3.799 

4.103 

0.000 

4.489 

23.352 

0.000 

0.000 

7.104 

6.658 

17.052 

17.052 

46. 

S 

3.699 

4.072 

0.000 

4.371 

28. 709 

0.000 

0.000 

7.492 

9.299 

18.152 

18.152 

43. 

6 

3.374 

3.784 

0.000 

3.987 

31.538 

0.000 

0.000 

7.223 

9.125 

17.659 

17.659 

41. 

7 

5.302 

5.709 

0.000 

6.265 

31.362 

0.000 

0.000 

8.632 

10.379 

20.579 

20.579 

54. 

8 

2.771 

3.098 

0.000 

3.275 

25.095 

0.000 

0.000 

6.704 

8.256 

16.177 

16.177 

36. 

9 

2.412 

2.714 

0.000 

2.850 

23.211 

0.000 

0.000 

6.020 

7.408 

14.601 

14.601 

35. 

10 

5.006 

5.406 

0.000 

6.010 

24.612 

0.000 

0.000 

0.627 

10.171 

20.365 

20.365 

52. 

M 

5.307 

5.581 

0.000 

6.271 

21.107 

r.ooo 

0.000 

8.841 

10.231 

20.678 

20.678 

53. 

12 

5.034 

5.287 

0.000 

5.948 

19.500 

0.000 

0.000 

B.547 

9.943 

20.074 

20.074 

51. 

5Z.398 

56. \20 

0.000 

61.915 

206.209 

0.000 

0.000 

95.832 

716. )3? 

227.370 

227.370 

47. 

Table  BI7 

Central  Plant  Energy  Utilization  Summary -Configuration  P-l 
(SI  conversion  factor:  1 Btu  = 1.055  kJ.) 


TOTAL 

HEAT 

ENERGY 

TOTAL 

ELECTR 

ENERGY 

(^GOTU) 

COOlING 

ENERGY 

RCVRED 

ENERGY 

(GBTU) 

HASTED 

RCVRABL 

ENERGY 

HEAT  EN 
INPUT 
COOLING 

ELEC  EN 
INPUT 
COOLING 

ENERGY 

INPUT 

HEATING 

ENERGY 

INPUT 

ELECTRC 

_iC0TU_l 

total 

FUEL 

INPUT 

TOTAL 

energy 

INPUT 

iGOTUl 

AVfRACe 

PLANT 

EFFIC 

1 

139.195 

62.252 

9.940 

.103 

0.000 

33.395 

1.904 

241.498 

207.505 

256.094 

463.600 

43. 

2 

119.150 

63.576 

8.978 

.092 

0.000 

30.473 

1.720 

208.326 

211.920 

221.584 

433.504 

42. 

3 

126. COS 

62.140 

13.288 

. 102 

0.000 

40,209 

1.904 

223.349 

207.132 

238.090 

445.223 

42. 

4 

93.518 

60.354 

12.859 

.096 

0.000 

40  486 

1 .842 

172.150 

201.181 

186.568 

387.749 

40. 

5 

68.955 

64.757 

13.2U8 

.099 

0.000 

43.673 

1 .904 

133.125 

215.850 

148.595 

364.453 

37. 

6 

73.480 

78.814 

20.974 

.095 

0.000 

59.411 

1.842 

140.865 

262.715 

155.659 

418.374 

36. 

7 

77.800 

80.045 

21.722 

.102 

0.000 

61.501 

1.904 

149.041 

266.816 

164.941 

431.757 

37. 

8 

75.579 

78.887 

21.991 

.096 

0.000 

62.306 

1.904 

145.389 

262.956 

160.479 

423.435 

36. 

9 

69.520 

91.834 

12.859 

.093 

0.000 

42.270 

1 842 

1 34 . 090 

306.114 

148.668 

454.782 

35. 

10 

98.760 

66.470 

13.288 

.102 

0.000 

41.772 

1.904 

lei .331 

221.567 

196.574 

418.141 

40. 

11 

112.785 

61.351 

12.859 

.099 

0.000 

39  367 

1.B42 

202.387 

204  502 

216.881 

421.383 

41. 

12 

130.587 

61.809 

9.940 

.102 

0.000 

33.710 

1 .904 

229.694 

206.032 

244.286 

450.317 

43. 

1185.336 

83Z.289 

171.985 

1.180 

0.000 

528  573 

22.417 

2161.246 

2774  298  2338.419 

5112.717 

39. 

42 
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Table  BIS 

Central  Plant  Energy  Utili/ation  Summary -Configuration  P-2 
(SI  conversion  factor:  I Btu  = l.OSSkJ.I 


TOTAL 

total 

WASTED 

HEAT  EN 

ELEC  EN 

ENERGY 

ENERGY 

total 

total 

AVLRAGC 

HtAT 

ELECTR 

COOLING 

RCVREO 

RCVRABL 

INPUT 

INPUT 

INPUT 

INPUT 

fUfL 

ENERGY 

Pi  ANT 

LNCRfiY 

INtRGY 

ENtRGY 

ENERGY 

ENERGY 

COOLING 

COOLING 

HEATING 

ELLCTRC 

INPUT 

INPUT 

EM  !C 

(r^Tol 

[CBJUI 

IGBTUJ 

(GBTUj 

(r.Bjyj 

JGBTU| 

J^TlIl 

_(GBTU2 

(T.BTUJ 

(GBTUJ. 

(PEPCT) 

1 

128.399 

63.669 

9.940 

87.113 

4.220 

11.426 

1.143 

174.245 

84.402 

270.045 

270.045 

71  . 

2 

110.693 

64.921 

8.978 

84,261 

7.660 

12.403 

816 

151.910 

88.398 

250.762 

250.762 

70. 

3 

117.405 

63.630 

13.2CU 

87.828 

2.993 

19.075 

1.024 

159.183 

83.372 

253.825 

253.825 

71  . 

4 

88.464 

62.064 

12.859 

77.329 

11.241 

24.183 

.392 

125.420 

86.327 

222.925 

222.925 

68. 

5 

64.9J0 

67.080 

13.288 

63.676 

30.061 

29.942 

.216 

104.603 

lOt.559 

224.  u% 

224.096 

59. 

6 

72.079 

81.894 

20.974 

76. 7U4 

33.886 

46.736 

312 

m.916 

128.970 

255.088 

255.088 

60. 

7 

76.373 

82.690 

21.722 

79.625 

32.603 

40.019 

.319 

119.695 

128.670 

261 . 384 

261 .384 

61 . 

8 

74.269 

81  492 

21.991 

78.893 

32.219 

48.603 

.319 

116.217 

126.774 

255.272 

255.272 

61  . 

9 

65.616 

95. 123 

12.859 

71.812 

57.458 

31.456 

.231 

114.161 

168.332 

295. 714 

295.714 

54. 

10 

93.647 

68.232 

13.288 

83.591 

11.687 

25.109 

.389 

132.734 

95.105 

239.667 

239.667 

68. 

u 

106.180 

62.742 

12.859 

85.675 

3.532 

20.894 

.670 

144. R50 

32.540 

23B.406 

238.406 

71 . 

12 

121.077 

63.054 

9.940 

87.490 

3.779 

13.080 

.917 

164.179 

83.159 

258.580 

258.580 

71. 

1119.121 

856.591 

171.985 

963.998 

231.338 

330.926 

6.748 

1621.114 

1262.610 

3025.762 

3025.762 

65, 

Table  B19 

Central  Plant  Energy  Utiliitation  Summary -Configuration  P-3 
(SI  conversion  factor:  I Btu  = 1,035  kJ.I 


MON^ 

total 

HEAT 

ENERGY 

(^GBTU) 

TOTAL 

ELECTR 

ENERGY 

(GRTU| 

COOLING 

ENERGY 

jGBTl^ 

RCVREO 

ENERGY 

(^GBTUj 

WASTED 

RCVRABL 

ENERGY 

(GRTUi 

HEAT  EN 
INPUT 
COOLING 
(GR_TUi  _ 

ELEC  EN 
INPUT 
COOLING 

XGBTUJ 

ENERGY 

INPUT 

HEATING 

JGBTU) 

ENERGY 

INPUT 

ELECTRC 

_(G8TUi 

TOTAL 

FUEL 

INPUT 

IGOTUI 

total 

ENERGY 

INPUT 

(GBJUl 

AVERAGE 

PLANT 

irnc 

(PERCJI 

1 

131. 1H7 

63.472 

9.940 

88.438 

2.731 

0.920 

1.065 

177.093 

83.362 

268.654 

268.654 

72. 

2 

114.641 

64.622 

8. 978 

85.565 

6.022 

B.772 

.706 

156.431 

87.073 

249.250 

249.250 

72, 

3 

120.277 

63  255 

13.288 

89.354 

.515 

16.179 

.934 

161 .490 

81.765 

251  .155 

251.155 

73. 

4 

93.883 

61.411 

12.859 

78. 304 

8.  778 

17  106 

347 

132.018 

84.638 

220.436 

220.436 

70. 

5 

73.975 

66. 347 

13.288 

63.827 

29.008 

1G.966 

.159 

118.174 

105.016 

222.523 

222.523 

63. 

6 

84.172 

80.693 

20.974 

76.942 

32.412 

20.595 

.250 

131.032 

126.334 

252.117 

252.117 

65. 

7 

88.75? 

81.829 

21.722 

79. 794 

31.626 

29.475 

.256 

138.200 

126.910 

259.470 

259.478 

66. 

8 

86.693 

80.625 

21. Ml 

79.oi)0 

31.260 

29.893 

.259 

1 34.743 

125.029 

253.315 

253.315 

66. 

9 

77.488 

93.883 

12.859 

72.219 

55.027 

17.697 

.169 

133.222 

164.506 

291 .369 

291.369 

59. 

10 

99.589 

67.566 

13.288 

84,371 

9.978 

17.421 

.341 

140.163 

93.413 

237.229 

237.229 

70. 

11 

109.400 

62  292 

12.859 

a6.C73 

1.147 

17.149 

.615 

147.679 

80.926 

235.582 

235.582 

73. 

12 

)24,2U6 

62.BU4 

9.940 

89,123 

1.808 

10.519 

.807 

167.205 

81  856 

256.821 

256.821 

73. 

1204.341 

848.803 

171 .985 

974.070 

210.311 

218.691 

5.910 

1738.251 

1240.828 

2997.930 

2997.930 

69. 
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Table  B20 

Central  Plant  Energy  Utilization  Summary -Configuration  P-4 
(SI  conversion  factor:  I Btu  = l.OSS  kJ.) 


TOTAL 

TOTAL 

MASTED 

MEAT  EN 

ELEC  EN 

ENERGY 

ENERGY 

TOTAL 

TOTAL 

AVERAGE 

MtAT 

ELECTR 

COOLING 

RCVRED 

RCVRML 

INPUT 

INPUT 

INPUT 

INPUT 

FUEL 

ENERGY 

PLANT 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

ENERGY 

COOUNR 

COOl  ING 

HEATING 

ELECTRC 

INPUT 

INPUT 

EFFIC 

HONTH 

(GBTU) 

(G8TU) 

(GBTU) 

(^GiUUl 

(G6TU) 

(GBTU) 

(GbTU) 

(GBTU) 

(GBTU) 

(GBTU) 

(taiu) 

(GBTU) 

1 

29.968 

63.387 

9.940 

106.281 

15.038 

16.651 

1 123 

213.914 

108.062 

335.769 

335.769 

58. 

2 

12.737 

64.41) 

8.978 

100.007 

28.466 

18.623 

.622 

190.223 

112.034 

315.114 

315.114 

56. 

3 

19.301 

63.171 

13.288 

106.216 

10.027 

26.154 

.819 

193.440 

103.650 

310.533 

310.533 

59. 

4 

89.297 

61.221 

12.859 

89.447 

63.182 

30.927 

.300 

153.701 

107.745 

274.999 

274.999 

55. 

5 

64.920 

65.683 

13.288 

72.595 

155.964 

35.623 

.269 

127.071 

130.784 

273.519 

273.519 

48. 

6 

72.079 

79.568 

20.974 

79.800 

150.601 

57 . 290 

.388 

139.557 

152.341 

306. H40 

306.640 

49. 

7 

76.373 

80.816 

21.722 

84.681 

163.695 

58.551 

.395 

145.448 

152.537 

313.768 

313.768 

50. 

8 

74.269 

79.646 

21.991 

82.116 

167. 185 

60.229 

.402 

144.122 

152.557 

311.916 

311.916 

49. 

9 

65.616 

92.738 

12.859 

73.163 

90.838 

36.852 

.273 

133.782 

188.802 

338.038 

338.038 

47. 

10 

94.226 

67.370 

13.288 

95.899 

61.493 

31.774 

.352 

162.396 

118.133 

294.913 

294.913 

55. 

11 

07.771 

62.234 

12.059 

101.735 

10.716 

27.652 

472 

175.671 

102.216 

291.007 

291 .007 

58. 

)2 

23.113 

62.744 

9.940 

106.718 

13.244 

19.578 

.706 

204.766 

106.636 

325.132 

325.132 

57. 

29.668 

342.988 

171.985 

1098.657 

938.450 

420.904 

6.120 

1 984 . 069 

1535.498 

3691.548 

3691 .548 

S3 

Table  B2I 

Central  Plant  Energy  Utilization  Summary- 

-Configuration  P-S 

(SI  conversion  factor:  1 

Btu  = 1.055  kJ.) 

MONTH 

TOTAL 

HEAT 

ENERGY 

(GBTU) 

TOTAL 

ELECTR 

ENERGY 

(GBTU) 

COOLING 

ENERGY 

(GBTU) 

RCVRED 

ENERGY 

(smi 

MASTED 

RCVRABL 

ENERGY 

(SBTU) 

HEAT  EN 
INPUT 
COOLING 
(GBTU) 

ELEC  EN 
INPUT 
COOLING 

ENERGY 

INPUT 

HEATING 

(GOTU) 

ENERGY 

INPUT 

ELECTRC 

(f.BTU) 

total 

FUEL 

INPUT 

(GBTU) 

TOTAL 

ENERGY 

INPUT 

(ODTU) 

AVERAGE 

PLANT 

EFFIC 

(PERCY) 

1 

9.545 

63.368 

9.940 

87.828 

3.896 

15.393 

.636 

200.557 

83.429 

296.928 

296.928 

72. 

2 

7.793 

64.742 

8.978 

85.309 

6.422 

14.660 

.525 

173.743 

87.330 

272.978 

272.978 

71. 

3 

5.615 

63.316 

13.288 

87.688 

2.568 

22.438 

.550 

I8I.867 

82.515 

277.204 

277.204 

72. 

4 

9.743 

61.966 

12.859 

73.689 

9.813 

24.653 

.304 

139.781 

85.237 

237.733 

237.733 

68. 

5 

1.874 

67.038 

13.288 

64.927 

28.995 

29.725 

.214 

114.871 

105.469 

235.091 

235.091 

59. 

6 

8.455 

81.149 

20.974 

80.719 

36.246 

47.068 

.312 

124.860 

128.067 

267.056 

267.056 

60. 

7 

3,234 

82.423 

21.722 

83.087 

34.618 

48  339 

.319 

131 .297 

128.542 

274.907 

274.907 

60. 

8 

0.749 

81.228 

21.991 

82.430 

33.272 

48  830 

.318 

126.948 

126.085 

267.221 

267.221 

61. 

9 

2.764 

94.257 

I2.8S9 

77.931 

53.047 

30.451 

.223 

122.368 

160.037 

297.100 

297.100 

56. 

10 

5.633 

66.197 

13.288 

85.621 

10.550 

25.602 

.290 

147.954 

93.734 

255.135 

255.135 

68. 

n 

21.283 

62.553 

12.859 

86.140 

2.771 

22.613 

.420 

163.475 

81  709 

257.707 

257.707 

71. 

12 

39.801 

62.884 

9.940 

86.354 

3.440 

15.556 

.604 

187.606 

82.368 

282.762 

282.762 

72. 

58.491 

853.120 

171.985 

988.722 

225.638 

345  325 

4.715 

1815.330 

1244.520 

3221.821 

3221.821 

66. 
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APPENDIX  C:  LIFE-CYCLE  COST  SUMMARIES 

This  appendix  presents  the  life-cycle  cost  summaries  for  each  configuration  simulated  in  the  Fort  Bragg  case  study. 


Table  Cl 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  H-1 
(SI  conversion  factor:  1 Btu  = I .OSS  kj.) 


EQUIPMENT  TOTALS 


Steam  Boiler 

4639.7 

Nominal  Size  (MBTU) 

37.800 

\ Number  Installed 

3 

First  Cost  (K$) 

2486.4 

2486 . 4 

‘ Annual  Cost  (!<$) 

1975.5 

1975.5 

Cyclical  Cost  (K$) 

177.8 

177.8 

Total (KS) 

4639.7 

]>Stage  Atisorbtion  Chiller 

595.1 

Nominal  Size  (fiBTU) 
Number  Installed 

3.600 

1 

First  Cost  (K$) 

120.8 

120.8 

Annual  Cost  (K$) 

232.7 

232.7 

Cyclical  Cost  (K$) 

241.7 

241.7 

Total («) 

595.1 

Cooling  Tower 

744.2 

Nominal  Size  (MBTU) 

12.000 

1 Number  Installed 

1 

First  Cost  (K$) 

159.9 

159.9 

■ Annual  Cost  (KS) 

59.2 

59.2 

[ Cyclical  Cost  (K$) 

525.1 

525.1 

Total (KS) 

744.2 

Equipment  Total 

5979.0 

1-Year 

Peak 

Cost 

‘ utility,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(W) 

(G6TU) 

(MBTU) 

Factor 

j Elect 

48909.5 

205.983 

56.347 

61 . 900 

! Boiler 

33591.3 

388.114 

77.745 

57.700 

1 Utility,  Energy  Total 

82500.8 

Life  Cycle  Cost  For  25  Years  - 88.4799  (MS) 


TV, 
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Table  C2 

Central  Plant  Lil'e-Cyde  Cost  Summary  -Configuration  H-2 
(SI  conversion  factor:  I Btu  = l.OSS  kj.) 


L O T P " E T totals 


Diesel  Engine 

15551,7 

Noninal  Size  (M6TU) 

29.000 

Nufnber  Installed 

3 

First  Cost  (KS) 

12592.6 

12592.6 

Annual  Cost  (k$) 

2563.4 

2563.4 

Cyclical  Cost  (rS) 

395.7 

395.7 

Total (K$) 

15551.7 

Steam  Boiler 

3398.5 

Nominal  Size  (h^TU) 

20.000 

Number  Instal led 

3 

First  Cost  (K$) 

1623.1 

1623.1 

Annual  Cost  (KS) 

1739.4 

1739.4 

Cyclical  Cost  (KS1 

36.1 

36.1 

Total (KS) 

3398.5 

1-Staqe  Absorbtion  Chiller 

800.9 

Nominal  Size  (M6TU) 
Number  Installed 

8.000 

1 

First  Cost  (KS) 

206.2 

206.2 

Annual  Cost  (KS) 

272.9 

272.9 

Cyclical  Cost  (K$) 

321.7 

321.7 

Total (KS) 

800.9 

Open  Centrifugal  Chiller 

426.3 

Nominal  Size  (MBTU) 

4.000 

Number  Installed 

1 

First  Cost  (KS) 

117.8 

117.8 

Annual  Cost  (K$) 

297.0 

297.0 

Cyclical  Cost  (KS) 

11.5 

11.5 

Total (K$) 

426.3 

Cooling  Tower 

2920.7 

Nominal  Sire  (MBTU) 

12.000 

Number  Installed 

7 

First  Cost  (KS) 

1119.0 

1119.0 

Annual  Cost  (KS) 

414.4 

414.4 

Cyclical  Cost  (KS) 

1387.2 

1387.2 

Total (KS) 

2920.7 

Equipment  Total 

23096.0 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

($K) 

(G8TU) 

(MBTU) 

Factor 

Diesel 

87936.7 

674.043 

184.578 

42.400 

Boiler 

7690.7 

88.859 

44.394 

57.700 

Utility.  Energy  Total 

95527.T 

- Ufe  Cycle  Cost  For  25  Veers  ■ 118.7254  (1$) 
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Table  C3 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  H-3 
(SI  conversion  factor;  1 Btu  = 1 .055  kJ.) 


[QUlPWeUT  TOTALS 


Diesel  Engine 

15541 .3 

Noninal  Swe  (f®TU) 

29.000 

Nurt)er  Installed 

3 

First  Cost  (L$) 

12592.6 

12592.6 

Annual  Cost  (K$) 

2556.6 

2556.6 

Cyclical  Cost  (KS) 

392.1 

392.1 

Total (K$) 

15541.3 

Steam  Boiler 

3398.9 

Noninal  Size  (M6TU) 

20.000 

Nunber  Installed 

3 

First  Cost  (KS) 

1623.1 

1623.1 

Annual  Cost  (F$) 

1739.4 

1739.4 

Cyclical  Cost  (KS) 

36.5 

36.5 

Total (KS) 

3398.9 

1-Stage  Absorbtion  Chiller 

763.4 

No"iinal  Size  (MBTU) 

8.000 

Number  Installed 

1 

First  Cost  (KS) 

206.2 

206.2 

Annual  Cost  (KS) 

272.9 

272.9 

Cyclical  Cost  (KS) 

284.3 

284.3 

Total (KS) 

763.4 

Open  Centrifugal  Chiller 

425.1 

Nominal  Size  (MBTU) 

4.000 

Nunber  Installed 

1 

First  Cost  (KS) 

117.8 

117.8 

Annual  Cost  (K$) 

297.0 

297.0 

Cyclical  Cost  (KS) 

10.3 

10.3 

Total (KS) 

425.1 

Cooling  Tower 

1850.2 

Nominal  Size  (MBTU) 

24.000 

Number  Installed 

3 

First  Cost  (KS) 

763.1 

763.1 

Annual  Cost  (K$) 

204.0 

204.0 

Cyclical  Cost  (KS) 

883.1 

883.1 

Total (KS) 

1850.2 

Hot  Water  Tank 

40.1 

Nominal  Size 

12.000 

Nunber  Installed 

1 

First  Cost  (KS) 

27.8 

27.8 

Annual  Cost  (KS) 

12.3 

12.3 

Cyclical  Cost  (KS) 

0.0 

0.0 

Total (KS) 

40.1 

Cold  Water  Tank 

64.3 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

1 

First  Cost  (KS) 

52.9 

52.9 

Annual  Cost  (KS) 

11.3 

11.3 

Cyclical  Cost  (KS) 

0.0 

0.0 

Total (KS 

64.3 

Equipment  Total 

22083.3 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(K?) 

(GBTU) 

(MBTU) 

Diesel 

87245.4 

668.744 

183.786 

42.400 

Boiler 

7521.9 

86.908 

44.253 

57.700 

Utility,  Ene»*g.v  Total 

94767.3 

Life  Cycle  Cost  For  25  Years  • 116.850€  (MJ) 
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Table  C4 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  H-4 
(Natural  Gas) 

(SI  conversion  factor:  I Btu  = LOSS  kj.) 


EQUI>HtWT  TOTALS 


Gas  Turbine 

17106.4 

Nominal  Size  (HBTU) 

29.000 

Number  Installed 

3 

First  Cost  (KS) 

10074.1 

10074.1 

Annual  Cost  (KS) 

1979.9 

1979.9 

Cyclical  Cost  (K$) 

5052.4 

5052.4 

Total (K$) 

17106.4 

Steam  Boiler 

3373.7 

Nominal  Size  (MBTU) 

20.000 

. Number  Installed 

3 

First  Cost  (KS) 

1623.1 

1623.1 

Annual  Cost  (K$) 

1739.4 

1739.4 

Cyclical  Cost  (KS) 

11.3 

11.3 

Total (KS) 

3373.7 

NStage  Absorbtion  Chiller 

823.7 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

1 

First  Cost  (KS) 

206.2 

206.2 

Annual  Cost  (KS) 

272.9 

272.9 

Cyclical  Cost  (KS) 

344.6 

344.6 

Total (KS) 

823.7 

Open  Centrifugal  Chiller 

415.5 

Nominal  Size  (MBTU) 

4.000 

Number  Installed 

1 

First  Cost  (KS) 

117.8 

117.8 

Annual  Cost  (KS) 

297.0 

297.0 

Cyclical  Cost  (KS) 

.7 

.7 

Total (KS) 

415.5 

Cooling  Tower 

2160.8 

Nominal  Size  (MBTU) 

12.000 

Number  Installed 

3 

First  Cost  (KS) 

479.6 

479.6 

Annual  Cost  (K$) 

177.6 

177.6 

Cyclical  Cost  (KS) 

1503.6 

1503.6 

Total (KS) 

2160.8 

Equipment  Total 

23880.1 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(KS) 

(GBTU) 

(r«fu) 

Factor 

Gas  Tur 

81959.1 

946.957 

197.595 

57.700 

Boiler 

4123,8 

47.646 

37.530 

57.700 

Utility,  Energy  Total 

SS0S2.9 

- Lift  Cycle  Cost  For  2S  Yttrs  - 109.9630  (M$) 
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Table  C5 

Central  Plant  Life-Cycle  Cost  Summary -Confiyuration  H-4 
(Fuel  Oil) 

(SI  conversion  factor:  I Btu  = 1 .055  kj.) 


EQUIPMENT  TOTALS 


Gas  Turbine 

17106.4 

Nominal  Size  (WTU) 

29.000 

Number  Installed 

3 

First  Cost  (KS) 

10074.1 

10074.1 

Annual  Cost  (KS) 

1979.9 

1979.9 

Cyclical  Cost  (KS) 

5052.4 

5052.4 

Total (K$) 

17106.4 

Steam  Boiler 

3373.7 

Nominal  Size  (MBTU) 

20.000 

Number  Installed 

3 

First  Cost  (K$) 

1623.1 

1623.1 

Annual  Cost  (K$) 

1739.4 

1739.4 

Cyclical  Cost  (KS) 

11.3 

11.3 

Total (KS) 

3373.7 

l-Stage  Absorbtlon  Ch<Mer 

823.7 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

1 

First  Cost  (KS) 

206.2 

206.2 

Annual  Cost  (kS) 

272.9 

272.9 

Cyclical  Cost  (KS) 

344.6 

344.6 

Total (KS) 

823.7 

Open  Centrifugal  Chiller 

415.5 

Nominal  Size  (MBTU) 

4.000 

Number  Installed 

1 

First  Cost  (KS) 

117.8 

117.8 

Annual  Cost  (KS) 

297.0 

297.0 

Cyclical  Cost  (K$) 

.7 

.7 

Total (KS) 

415.5 

Cooling  Tower 

2160.8 

Nominal  Size  (MBTU) 

12.000 

Humber  Installed 

3 

First  Cost  (K$) 

479.6 

479.6 

Annual  Cost  (KS) 

177.6 

177.6 

Cyclical  Cost  (KS) 

1503.6 

1503.6 

Total (KS) 

2160.8 

Equipment  Total 

nsso.l 

1-Year 

Peak 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

(KS) 

(GBTU) 

(MBTU) 

Gas  Tur 

123541.4 

946.957 

197.595 

Boiler 

4123.8 

47.646 

37.530 

Utility,  Energy  Total 

127665.2 

- Life  Cycle  Cost  For  25  Years  • 

151.5453  (MS) 

Cost 

Escalation 

Factor 


42.400 

57.700 
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Table  C6 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  A-l 
, (SI  conversion  factor:  I Btu  = I.OSSkJ.) 


eOUlPHtHT  TOTaiS 


Steam  Boiler 

7178.1 

Nominal  Site  (Mem) 

95.000 

Number  Installed 

3 

First  Cost  (K$) 

4610.2 

4610.2 

Annual  Cost  (K$) 

2375.4 

2375.4 

Cyclical  Cost  (K$) 

192.6 

192.6 

Total (K$) 

7178.1 

1-Stage  Absorbtlon  Chiller 

1122.6 

Nominal  Size  (HBTU) 

11.740 

Number  Installed 

2 

First  Cost  (K$) 

533.2 

533.2 

Annual  Cost  (KS) 

589.4 

589.4 

Cyclical  Cost  (K$) 

0.0 

0.0 

Total (K$) 

1122.6 

2-Stage  Absorbtlon  Chiller 

2334.0 

Nominal  Size  (M6TU) 

9.840 

12.000 

Nunber  Installed 

1 

1 

First  Cost  (KS) 

738.0 

344.5 

393.5 

Annual  Cost  (K$) 

580.5 

284.5 

2%.0 

Cyclical  Cost  (KS) 

1015.5 

484.5 

531.0 

Total (KS) 

1113.5 

1220.5 

Cooling  Tower 

2424.2 

Nominal  Size  (MBTU) 

12.000 

Number  Installed 

4 

First  Cost  (KS) 

639.5 

639.5 

Annual  Cost  (K$) 

236.8 

236.8 

Cyclical  Cost  (K$) 

1547.9 

1547.9 

Total (KS) 

2424.2 

Equipment  Total 

nwff.5 

1 -Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(KS) 

(GBTU) 

(MBTU) 

87.758 

Factor 

Elect 

92573.7 

407.079 

61.900 

Boiler 

73863.2 

853.416 

238.142 

57.700 

Utility,  Energy  Total 

1S5J50 

- Lift  Cyclt  Cost  For  25  Y#«rs  • 179.4958  («S) 
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Table  C7 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  A-2 
(SI  conversion  factor:  I Btu  = 1.05S  kJ.) 


CQUIPMtHT  TOT/ILS 


Diesel  Engine 

20707.2 

Nominel  Size  (MBTU) 

46.000 

Number  Installed 

3 

First  Cost  (KS) 

16902.9 

16902.9 

Annual  Cost  (KS) 

3195.9 

3195.9 

Cyclical  Cost  (KS) 

608.3 

608.3 

Total (KS) 

20707.2 

Steam  Boiler 

6547.6 

Nominal  Size  (MBTU) 

50.000 

30.000 

Number  Installed 

3 

1 

First  Cost  (KS) 

3700.8 

2998.9 

709.9 

Annual  Cost  (KS)' 

2718.0 

2089.2 

628.8 

Cyclical  Cost  (KS) 

120.9 

9.1 

111.8 

Total (KS) 

5097.1 

1450.5 

1-Stage  Absorbtion  Chiller 

1662.6 

Nominal  Size  (HBTU) 

8.000 

Number  Installed 

2 

First  Cost  (KS) 

412.4 

412.4 

Annual  Cost  (K$) 

545.9 

545.9 

Cyclical  Cost  (K$) 

704.4 

704.4 

Total (KS) 

1662.6 

Cooling  Tower 

3020.1 

Nominal  Size  (MBTU) 

36.000 

Number  Installed 

3 

First  Cost  (KS) 

1001.3 

1001.3 

Annual  Cost  (KS) 

221.2 

221.2 

Cyclical  Cost  (KS) 

1797.6 

1797.6 

Total--(KS) 

3020.1 

Equipment  Total 

3T?37.T 

1 -Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(GBTU) 

(MBTU) 

Factor 

Diesel 

168735.0 

1293.369 

284.459 

42.400 

Boiler 

19016.9 

219.721 

186.869 

57.700 

Utility,  Energy  Total  187751 .4 


- Life  Cycle  Cost  For  25  fears  • 219.6894  (N$) 


I 
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Table  C8 


Central  Plant  Life-Cycle  Cost  Summary  -Configuration  A-3 


(SI  conversion 

factor:  1 Btu 

= 1.055  kJ.) 

equipment  totals 

Diesel  Engine 

20695.3 

Nominal  Size  (MBTU) 

45.000 

Number  Installed 

3 

First  Cost  (KS) 

16902,9 

16902.9 

Annual  Cost  (KS) 

3188.1 

3138.1 

Cyclical  Cost  (KS) 

604.3 

604.3 

Total (KS) 

20695.3 

Steam  Boiler 

6547.8 

Notntnal  Size  (MBTU) 

50.000 

30.000 

Number  Installed 

3 

1 

First  Cost  (KS) 

3708.8 

2998.9 

709.9 

Annual  Cost  (KS) 

2718.0 

2039.2 

528.8 

Cyclical  Cost  (KS) 

121.1 

8.2 

112.8 

Total (KS) 

5096.3 

1451.5 

1-Stage  Abosrbtion  Chiller 

1482.5 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

2 

First  Cost  (KS) 

412.4 

412.4 

Annual  Cost  (KS) 

545.9 

545.9 

Cyclical  Cost  (KS) 

524.3 

524.3 

Total (KS) 

1482.5 

Cooling  Tower 

2468.7 

Nominal  Size  (MBTU) 

36.000 

Number  Installed 

3 

First  Cost  (KS) 

1001.3 

1001.3 

Annual  Cost  (KS) 

221.2 

221.2 

Cyclical  Cost  (KS) 

1246.2 

1246.2 

Total (KS) 

2468.7 

Hot  Water  Tank 

52.7 

Nominal  Size  (MBTU) 

20.000 

Number  Installed 

1 

First  Cost  (KS) 

39. 1 

39.1 

Annual  Cost  (K$) 

13.6 

13.6 

Cyclical  Cost  (K$) 

0.0 

0.0 

Total (KS) 

52.7 

Cold  Water  Tank 

64.3 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

1 

First  Cost  (KS) 

52.9 

52.9 

Annual  Cost  (KS) 

11.3 

11.3 

Cyclical  Cost  (K$) 

0.0 

0.0 

Total (KS) 

64.3 

Equipment  Total  31 311.3 


utility,  energy 

Cost 

(«) 

1 -Year 

Usage 

(GBTU) 

Peak 

Usage 

(MBTU) 

Cost 

Escalation 

Factor 

Diesel 

167271.9 

1282.155 

284.012 

42.400 

Boiler 

18395.8 

212.545 

186.929 

57 . 700 

Uti 1 Ity,  Energy  Total 

mssrr 

- Life  Cycle  Cost  For  25  Years  « 216.9790  (M$) 


Table  C9 


Central  Plant  Life-Cycle  Cost  Summary -Configuration  A4 
(Natural  Gas) 

(SI  conversion  factor:  I Btu  = l.OSS  kj.) 


equipment  totals 


Gas  Turbine 

24830.3 

Nominal  Size  (MBTU) 

45.000 

Number  Installed 

3 

First  Cost  (kS) 

13522.3 

13522.3 

Annual  Cost  (KS) 

2481 .9 

2481 .9 

Cyclical  Cost  (KS) 

8826.2 

8826.2 

Total (KS) 

24830.3 

Steam  8oiler 

6459.9 

Nominal  Size'  (MBTU) 

50.000 

30.000 

Number  Installed 

3 

1 

First  Cost  (KS) 

3708.8 

2998.9 

709.9 

Annual  Cost  (KS) 

2718.0 

2089.2 

628.8 

Cyclical  Cost  (KS) 

33.2 

0.0 

33.2 

Total (KS) 

5088.0 

1371.9 

1-Stage  Absorbtion  Chiller 

1662.6 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

2 

First  Cost  (KS) 

412.4 

412.4 

Annual  Cost  (K$) 

545.9 

545.9 

Cyclical  Cost  (KS) 

704.4 

704.4 

Total (KS) 

1662.6 

Cooling  Tower 

2379.7 

Nominal  Size  (MBTU) 

36.000 

Number  Installed 

2 

First  Cost  (KS) 

667.5 

667.5 

Annual  Cost  (K$) 

147.5 

147.5 

Cyclical  Cost  (KS) 

1564.7 

1564.7 

Total (KS) 

2379.7 

Equipment  total 

35332.6 

1 -Year 

Peak 

Cost 

UTILITY,  ENERG'' 

Cost 

Usage 

Usage 

Escalation 

(KS) 

(GBTUl 

(MBTU) 

Factor 

Gas  Tur 

153766.9 

1776.625 

313.120 

57.700 

Boiler 

9795.2 

113.174 

178.242 

57.700 

utility,  Energy  Total  ~ 163562.1 


- Life  Cycle  Cost  For  25  Years  - 198.8947  (MJ) 
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Table  CIO 

Central  Plant  Life-Cycle  Cost  Summary  -Configuration  A-4 
(Fuel  Oil) 

(SI  conversion  factor:  I Btu  = LOSS  kJ.| 


EQUIPMEKT  TOTALS 


Gas  Turbine 

24830.3 

Nominal  Size  (MBTU) 

45.000 

Number  Installed 

3 

First  Cost  (KS) 

13522.3 

13522.3 

Annual  Cost  (KS) 

2481 .9 

2481 .9 

Cyclical  Cost  (K$) 

8826.2 

8826.2 

Total (KJ) 

24830.3 

Steam  Boiler 

6459.9 

Nominal  Size  (MBTU) 

50.000 

Number  Installed 

3 

First  Cost  (K$) 

3708.8 

2998.9 

Annual  Cost  (K$) 

2718.0 

2089.2 

Cyclical  Cost  (KS) 

33.2 

0.0 

Total (KS) 

5088.0 

l-Stage  Absorbtion  Chiller 

1662.6 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

2 

First  Cost  (K$) 

412.4 

412.4 

Annual  Cost  (K$) 

545.9 

545.9 

Cyclical  Cost  (K$) 

704.4 

704.4 

Total (KS) 

1662.6 

Cooling  Tower 

2379.7 

Nominal  Size  (MBTU) 

36.000 

Number  Installed 

2 

First  Cost  (KS) 

667.5 

667.5 

Annual  Cost  (KS) 

147.5 

147.5 

Cyclical  Cost  (kS) 

1564.7 

1564.7 

^otal (KS) 

2379.7 

Equipment  Total 

35332.6 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(KS) 

(G8TU) 

(MBTU) 

Fac  tor 

Sas  Tur 

231781 .2 

1776.625 

313.120 

42.400 

Boiler 

9795.2 

113.174 

178.242 

57.700 

Util ity rr n ergy  Tota'I 

24^76.1 

Lift  Cycle  Cost  For  25  Yetri  . 276.9090  (M$) 
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Table  Cl  i 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  C-1 
(SI  conversion  factor:  1 Btu  = 1.05S  kJ.) 


equipment  totals 


Steam  Boiler 

5197.7 

• 1U 

Nominal  Sire  (MBTU) 

26.000 

Number  Installed 

4 

First  Cost  (KS) 

2580.0 

2580.0 

Annual  Cost  (KS) 

2444. 1 

2444 . 1 

Cyclical  Cost  (KS) 

173.6 

173.6 

-----Total (KS) 

5197.7 

1 -stage  Absorbtion  Chiller 

590.3 

Noninai  Size  (fCTU) 
Number  Instal led 

12.000 

1 

First  Cost  (KS) 

270.5 

270.5 

Annual  Cost  (KS) 

296.0 

296.5 

Cyclical  Cost  (KS) 

23.7 

23.7 

Total-  — (KS) 

590.3 

Equipment  Total 

57SO 

1 -Year 

Peak 

Cost 

UTILITY.  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(AS) 

(G8TU) 

(WTU) 

Factor 

Elect 

39066.0 

166.959 

42.207 

61.90 

Boiler 

Utility.  Energy  Total 

2817^ 
67244 . 1 

325.571 

81.398 

57.70 

- Life  Cycle  Cost  For  25  Tears  • 73.0321  (MJ) 


I 

i 
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Table  Cl 2 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  C-2 
(SI  conversion  factor:  I Btu  = 1.055  kJ.) 


tQUlPMENT  TOTALS 


Diesel  Engine 

13316.0 

Noninal  Size  (MGTu) 

22.000 

Number  Installed 

3 

First  Cost  (KS) 

10464.8 

10464.8 

Annual  Cost  (K$) 

2449.6 

2449.6 

Cyclical  Cost  (K$) 

401.6 

401 .6 

Total (KS) 

13316.0 

Steam  Boiler 

3662.4 

Nominal  Slze(MBTU) 

24.000 

Number  Installed 

3 

First  Cost  (KS) 

1834.0 

1834.0 

Annual  Cost  (KS) 

1804.0 

1804.0 

Cyclical  Cost  (KS) 

24.5 

24.5 

Total— -(KS) 

3662.4 

1-Stage  Absorbtlon  Chiller 

590.3 

Nominal  Size  (rffiTU) 
Number  Installed 

12.000 

1 

First  Cost  (KS) 

270.5 

270.5 

Annual  Cost  (K$) 

296.0 

296.0 

Cyclical  Cost  (KS) 

23.7 

23.7 

Total (KS) 

590.3 

Cooling  Tower 

1864.0 

Nominal  Size  (MBTu) 

12.000 

Number  Installed 

4 

First  Cost  (K$) 

639.5 

639.5 

Annual  Cost  (KS) 

236.8 

236.8 

Cyclical  Cost  (K$) 

987.8 

987.8 

Total (KS) 

1864.0 

Equipment  Total 

19432.7 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(KS) 

(GBTU) 

(MBTU) 

Factor 

Diesel 

70937.0 

543.739 

137.459 

42.400 

Boiler 

5386.1 

62.231 

56.809 

57.700 

Utility,  Energy  Total 

76323 . 1 

- Lift  Cycle  Cost  For  Z5  Yeers  - 95.7558  (W) 
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Table  Cl 3 

Central  Plant  Life-Cycle  Cost  Summary-Configuration  C-3 
(SI  conversion  factor:  I Btu  = LOSS  kJ.) 


equipment  totals 

Diesel  Engine 

13313.6 

Nominal  Size  (MBTU) 

22.000 

Number  Installed 

3 

First  Cost  (KS) 

10464.8 

10464.8 

Annual  Cost  (K$) 

2448.0 

2448.0 

Cyclical  Cost  (K$) 

400.8 

400.8 

Total (KS) 

13313.6 

Steam  Boiler 

3662.3 

Nominal  Size  (MBTU) 

24.000 

Number  Insta]1e<d 

3 

First  Cost  (KS) 

1834.0 

1834.0 

Annual  Cost  (K$) 

1804.0 

1804.0 

Cyclical  Cost  (KS) 

?4.4 

24  4 

Total (KS) 

3662.3 

1-Stage  Absorbtlon  Chiller 

589.8 

Nominal  Size  (MBTU) 
Number  Installed 

12.000 

1 

First  Cost  (KS) 

270.5 

270.5 

Annual  Cost  (KS) 

296.0 

296.0 

Cyclical  Cost  (KS) 

23.3 

23.3 

Total (KS) 

589.8 

Cooling  Tower 

1788.7 

Nominal  Size  (MBTU) 

12.000 

Number  Installed 

4 

First  Cost  (KS) 

639.5 

639.5 

Annual  Cost  (KS) 

236.8 

236.8 

Cyclical  Cost  (K$) 

912.4 

912.4 

Total (KS) 

1788.7 

Hot  Water  Tank 

32.5 

Nominal  Size  (MBTU) 

8.000 

Number  Installed 

1 

First  Cost  (KS) 

21.2 

21 .2 

Annual  Cost  (K$) 

11.3 

11.3 

Cyclical  Cost  fKS) 

0.0 

0.0 

Total (KS 

32.5 

Cold  Water  Tank 

77.6 

Nominal  Size  (MBTU) 
Number  Installed 

11.000 

1 

First  Cost  (K$) 

65.5 

65.5 

Annual  Cost  (KS) 

12.1 

12.1 

Cyclical  Cost  (KS) 

0.0 

0.0 

Total--(KS) 

77.6 

Equipment  Total 

19464 .5 

1-Tear 

Peak 

Cost 

utility,  energy 

Cost 

Usage 

Usage 

Escalatli 

(KS) 

(GBTU) 

(MBTU) 

Factor 

Diesel 

70798.3 

542.676 

137.459 

42.400 

Boiler 

5335.6 

61.648 

56.809 

57.700 

Utility,  Energy  Total 

761 34.0 

- Uf*  Cycle  Cost  For  25  Years  • 95.5985  (MJ) 
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Table  CI4 

Central  Plant  Life-Cycle  Cost  Summary  -Configuration  C-4 
(Natural  Gas) 

(SI  conversion  factor:  1 Btu  = LOSS  kJ.) 


tQUlPMEWT  TOTALS 


Gas  Turbine  1554Z.7 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (K$) 

Annual  Cost  (KS! 

Cyclical  Cost  (KS) 

Total (K$) 

Steam  Boiler  3643.2 

Nominal  Sizi  (MBTU) 

Number  Installed 
First  Cost  (K$) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (KS) 

1-Stage  Absorbtion  Chiller  590.3 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (KS) 

Cooling  Tower  1917.2 

Nominal  Size  (MBTU) 


Number  Installed 
First  Cost  (KS) 

Annual  Cost  (KS) 

Cyclical  Cost  (KS) 

-----Total (KSi 

Equipment  Total  21693.5 

UTILITY,  ENERGY  Cost 

Am 

Cias  Tur  67802.0 

Boiler 2097.0 

Utllfty,  Energy  Total  6^899.0 


22.000 

3 

8371.9 

8371.9 

1900.9 

1900.9 

5269.9 

5269.9 

15542.7 

24.000 

3 

1834.0 

1834.0 

1804.0 

1804.0 

5.3 

5.3 

3643.2 

12.000 

1 

270.5 

270.5 

296.0 

296.0 

23.7 

23.7 

590.3 

12.000 

3 

479.6 

479.6 

177.6 

177.6 

1260.0 

1260.0 

1917.2 

1-Year 

Peak 

Cost 

Usage 

Usage 

Escalation 

(GBTU) 

(MBTU) 

Factor 

763.385 

148.724 

57.700 

24.229 

51.455 

57.700 

- Life  Cycle  Cost  For  25  Yeers  ■ 91.5925  (H$) 
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Table  CIS 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  C-4 
(Fuel  Oil) 

(SI  conversion  factor:  I Btu  = I.OSSkJ.) 


EQUIPMENT  TOTALS 

Gas  Turbine 

15542.7 

Nominal  Site  (MBTU) 

22.000 

Number  Installed 

3 

First  Cost  (KS) 

8371.9 

8371 .9 

Annual  Cost  (K$) 

1900.9 

1900.9 

Cyclical  Cost  (K$) 

5269.9 

5269.9 

Total----(KS) 

15542.7 

Steam  Boiler 

3643.2 

Nominal  Site  (MBTU) 

24.000 

Number  Installed 

3 

First  Cost  (FS) 

1834.0 

1834.0 

Annual  Cost  (kS) 

1804.0 

1804.0 

Cyclical  Cost  (KS) 

5.3 

5.3 

Total (K$) 

3643.2 

1-Stage  Absorbtion  Chiller 

590.3 

Nominal  Size  (MBTU) 
Number  Installed 

12.000 

1 

First  Cost  (KS) 

270.5 

270.5 

Annual  Cost  (K$) 

296.0 

296.0 

Cyclical  Cost  (KS) 

23.7 

23.7 

Total (KS) 

590.3 

Cooling  Tower 

1917  2 

Nominal  Size  (MBTU) 

12.000 

Number  Installed 

3 

First  Cost  (KS) 

479.6 

479.6 

Annual  Cost  (KS) 

177.6 

177.6 

Cyclical  Cost  (K$) 

1260.0 

1260.0 

Total (KS) 

Equipment  Total 

1917.2 

1 -Year 

Peak 

Cost 

utility,  energy 

Cost 

Usage 

Usage 

Escalation 

(Ft) 

(GBTU) 

(MBTU) 

Factor 

Gas  Tur 

102201.7 

783.385 

148.724 

42.400 

Boiler 

2097.0 

24.229 

51 .455 

57.700 

Utility,  Energy  Total 

104298.7 

- Life  Cycle  Cost  For  25  Veers  ■ 125.9921  (NS) 
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Table  C16 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  L-I 
(SI  conversion  factor:  1 Btu  = 1 .055  kJ.) 


EQUIPMENT  TOTALS 


Steam  Boiler 

Nominal  Sire  (M6TU) 
Number  Installed 
First  Cost  (KS) 

Annual  Cost  (K$) 
Cyclical  Cost  (KS) 

Total (AS) 

Equipment  Total 

UTILITY,  ENERGY 

2763.6 

2763.5 

Cost 

(At) 

1457.1 

1264.8 

41.8 

1-Year 

Usage 

(GBTU) 

25.000 

1 

628.3 

606.2 

0.0 

1234.5 

Peak 

Usage 

(MBTU) 

37.800 

1 

828.8 
658.5 
41 .8 
1529.1 

Cost 

Escalation 

Factor 

Elect 

17625.9 

52.398 

26.256 

61.900 

Boiler 

7572.7 

87.496 

41.452 

57.700 

utility.  Energy  Total 

25198.7 

- Life  Cycle  Cost  For  25  Years  - 

27.9623  (W) 
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Tabled? 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  L-2 
(SI  conversion  factor:  I Btu  = 1 .055  kJ.) 


EQUIPMEWT  TOTALS 


Diesel  Engine 

9918.7 

Nominel  Sire  (M8TU) 

14.000 

Number  Installed 

3 

First  Cost  (KS) 

7730.6 

7730.6 

Annual  Cost  (K$) 

1947.9 

1947.9 

Cyclical  Cost  (K$) 

240.1 

240.1 

Total (KS) 

9918.7 

Steam  Boiler 

205Z.1 

Nominal  Size  (MBTU) 

16.000 

Nwnber  Installed 

2 

First  Cost  (KS) 

931 .8 

931 .8 

Annual  Cost  (KS) 

1109.0 

1109.0 

Cyclical  Cost  (KS) 

11.3 

11.3 

Total (KS) 

2052.1 

Cooling  Tower 

1041 .9 

Nominal  Size(tffiTU) 
Number  Installed 

24.000 

1 

First  Cost  (KS) 

254.4 

254.4 

Annual  Cost  (KS) 

68.0 

68.0 

Cyclical  Cost  (KS) 

719.5 

719.5 

Total (KS) 

1041 .9 

Equipment  Total 

130)2.6 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(«) 

(G8TU) 

(MBtu) 

Factor 

Diesel 

24007.7 

184.021 

83.827 

42.400 

Boiler 

3101 .2 

35.831 

16.945 

57.700 

Utility,  Energy  Total 

JTIM.9 
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Table  Cl 8 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  L-3 
(SI  conversion  factor;  I Btu  = LOSS  kJ.) 


tOUlPHEWT  TOTALS 


Diesel  Engine 

9918.7 

Nominal  Site  (WTU) 

14.000 

Number  Installed 

3 

First  Cost  (K$) 

7730.6 

7730.6 

Annual  Cost  (K$) 

1947.9 

1947.9 

Cyclical  Cost  {K$) 

240.1 

240.1 

Total (K$) 

9918.7 

Steam  Boiler 

2052.1 

Nominal  Size  (MBTU) 

16.000 

Number  Installed 

2 

First  Cost  (K$) 

931.8 

931.8 

Annual  Cost  (KS) 

1109.0 

1109.0 

Cyclical  Cost  (K$) 

11.3 

11.3 

Total (K$) 

2052.1 

Cooling  Tower 

1041.9 

Nominal  Size  (MBTU) 
Number  Installed 

24.000 

1 

First  Cost  (KS) 

254.4 

254.4 

Annual  Cost  (K$) 

68.0 

68.0 

Cyclical  Cost  (KS) 

719.5 

719.5 

Total  — (KS) 

1041.9 

Hot  Hater  Tank 

12.7 

Nominal  Size  (MBTU) 
Number  Installed 

1.000 

1 

First  Cost  (KS) 

5.3 

5.3 

Annual  Cost  (KS) 

7.5 

7.5 

Cyclical  Cost  (KS) 

0.0 

0.0 

Total (KS) 

12.7 

Equipment  Total 

1W25.4 

1-Year 

Peak 

Cost 

utility,  energy 

Cost 

Usage 

Usage 

Escalation 

(FS) 

(GBTU) 

(MBTU) 

Factor 

Diesel 

24QQ7.7 

184.021 

83.827 

42.400 

Boi ler 

3101.2 

35.831 

16.945 

57.700 

Utility,  Energy  Total 

2>108.9 

Life  Cycle  Cost  For  25  Yeers  • 40,1343  (M$) 


I 
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Table  Cl 9 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  L-4 
(Natural  Gas) 

(SI  conversion  factor:  1 Btu  = 1 .055  kJ.) 


EQUIPMENT  TOTALS 


Gas  Turbine 

10364.6 

Nominal  Size  (MBTU) 

14.000 

Number  Installed 

3 

First  Cost  (K$) 

6184.5 

6184.5 

Annual  Cost  (KS) 

1506.3 

1506.3 

Cyclical  Cost  (KS) 

2673.9 

2673.9 

Total (KS) 

10364.6 

Steam  Boiler 

2040.7 

Nominal  Size  (HBTU) 

16.000 

Number  Installed 

2 

First  Cost  (K$) 

931.8 

931.8 

Annual  Cost  (KS) 

1109.0 

1109.0 

Cyclical  Cost  (KS) 

0.0 

0.0 

Total (KS) 

2040.7 

Equipment  Total 

12405.4 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(KS) 

(GBTU) 

(IffiTU) 

Factor 

Gas  Tur 

19678.8 

227.370 

100.726 

57.700 

Utility,  Energy  Total 

15678.S 

- Life  Cycle  Cost  For  25  Years  ■ 32.08«2  (M$) 
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Table  C20 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  L-4 
(Fuel  Oil) 

(SI  conversion  factor:  I Btu  = LOSS  kj.) 


EQUIPHEKT  TOTALS 


Gas  Turbine 

10364.6 

Nominal  Size  (MBTU) 

14.000 

Number  Installed 

3 

First  Cost  (K$) 

6184.5 

6184.5 

Annual  Cost  (KS) 

1506.3 

1506.3 

Cyclical  Cost  (KS) 

2673.9 

2673.9 

Total (KS) 

10364.6 

Steam  Boiler 

2040.7 

Nominal  Size  (MBTU) 

16.000 

Number  Installed 

2 

First  Cost  (K$) 

931.8 

931 .8 

Annual  Cost  (K$) 

1109.0 

1109.0 

Cyclical  Cost  (K$) 

0.0 

0.0 

Total (K$) 

2040.7 

Equipment  Total 

12405.4 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

m. 

(G8TU) 

(MBTU) 

Factor 

Gas  Tur 

29663.0 

227.370 

100.726 

42.400 

Utility,  Energy  Total  ~~  29663.0 


- Life  Cycit  Cost  For  25  Yotrs  • «2.06«3  (H$) 
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Table  C21 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  P-1 
(SI  conversion  factor:  1 Btu  = 1.055  kJ.) 

EQUIPMENT  TOTALS 


Steam  Boiler  9392.5 


Nominal 

Size  (HBTU) 

1000.000 

Number  Installed 

1 

First 

Cost  (K$) 

7439.2 

7439.2 

Annual 

Cost  (KS) 

1267.8 

1267.8 

Cyclical 

Cost  (K$) 

685.5 

685.5 

Total (K$) 

9392.5 

l-Stage  Absorbtion  Chiller 

2683.8 

Nominal 

Size  (riBTU) 

100.000 

Number  Installed 

1 

First 

Cost  (K$) 

1119.9 

1119.9 

Annual 

Cost  (K$) 

452.3 

452.3 

Cyclical 

Cost  K$) 

1111.6 

1111.6 

Total (K$) 

2683.8 

Equipment  Total 

T7076.3 

1 -Year 

Peak 

Cost 

J T I L I T Y.  E N 

E R G Y 

Cost 

Usage 

Usage 

Escalation 

(KS) 

CGBtu) 

(MBTU) 

Factor 

Elect 

182328.5 

832.289 

163.076 

61 . 900 

Boiler 

202390.2 

2338.419 

516.901 

57.700 

Utility,  Energy  Total 

JSf71S.6 

- Life  Cycle  Cost  For  25  Years  ■ 396.7949  (MS) 
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Table  C22 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  P-2 
(SI  conversion  factor:  1 Btu  = LOSS  kJ.) 


EOUIPWENT  TOTALS 


Diesel  Engine  30669. 2 

Nominal  Size  (fIBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (KS) 

Steam  Boile.'  7947.4 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cosrt  (KS) 

Annual  Cost  (KS) 

Cyclical  Cost  (KS) 

Total (KS) 

1-Stage  Absorbtion  Chiller  2360.2 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (KS) 

Cyclical  Cost  (K$) 

Total (KS) 

Open  Centrifugal  Chiller  1154.6 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (K$) 

Annual  Cost  (KS) 

Cyclical  Cost  (KS) 

Total (K$) 

Cooling  Tower  3814.6 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (KS) 

Cyclical  Cost  (KS) 


Equipment  Total  45946.0 

utility,  energy  Cost 



Diesel  345474.0 

Boiler 32687.4 

Utility,  Energy^otal  378161 .4 


25863.3 

85.000 

3 

25663.3 

3974.9 

3974.9 

811.0 

811.0 

5391.4 

30869.2 

120.000 

3 

5391.4 

2489.0 

2489.0 

67.1 

67.1 

811.6 

7947.4 

12.000 

3 

811.6 

888.0 

888.0 

660.6 

660.6 

2360.2 

12.000 

8.000 

1 

1 

433.4 

245.9 

187.4 

711.2 

370.0 

341 .2 

10.0 

3.6 

6.5 

619.5 

535.1 

1985.3 

100.000 

3 

1985.3 

271.4 

271.4 

1557.9 

1557.9 

1-Year 

3814.6 

Peak 

Cost 

Usage 

Usage 

Escalation 

(GBTU) 

(MBTU) 

Factor 

2648.091 

539.794 

42.400 

377.671 

279.864 

57.700 

- Life  Cycle  Cost  For  25  Years  - 424.1075  (MS) 


Table  C23 

Central  Plant  Life-Cycle  Cost  Summary— Configuration  P-3 
(SI  conversion  factor:  1 Btu  = l.OSS  kJ.) 


EQUIPMEKT  TOTHtS 


Number  Installed 
First  Cost  (K$) 

Annual  Cost  (K$) 

Cyclical  Cost  (KS) 

Total (K$) 

I-Stage  Absorbtion  Chiller  2146.2 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (K$) 

Annual  Cost  (FS) 

Cyclical  Cost  (K$) 

Total (K$) 

Open  Centrifugal  Chiller  1153.2 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (K$) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (K$) 

Cooling  Tower  3142.9 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (K$) 

Hot  Hater  Tank  67.3 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (KS) 

Cyclical  Cost  (KS) 

Total (K$) 

O.'ld  Hater  Tank  97.3 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (KS) 

Cyclical  Cost  (KS) 


Total----(K$) 


Equipment  Total 

UTILITY,  ENERGY 

Cost 

_ iK$i 

Diesel 

342571.6 

Boiler 

32204.1 

Utility,  Energy  Total 

373 775. 7 

5391.4 

5391.4 

2489.0 

2489.0 

67.8 

67.8 

7948.1 

12.000 

3 

811.6 

811.6 

888.0 

888.0 

446.6 

446.6 

2146.2 

12.000 

8.000 

1 

1 

433.4 

245.9 

187.4 

711  .2 

370.0 

341.2 

8.6 

2.9 

5.8 

618.8 

100.000 

2 

534.4 

1323.5 

1323.5 

180.9 

180.9 

1638.4 

1638.4 

3142.9 


31.000 

1 


52.5 

52.5 

14.8 

14.8 

0.0 

0.0 

67.3 

16.000 

1 

84.2 

84.2 

13.0 

13.0 

0.0 

0.0 

97.3 

1-Year 

Peak 

Cost 

Usage 

Usage 

Escalation 

(GBTU) 

(MBTU) 

Factor 

2625.844 

526.055 

42.400 

372.066 

279.664 

57.700 

- Life  Cycle  Cost  For  25  Years  • 419.9910  (MS) 
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Table  C24 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  P-4 
(Natural  Gas) 

(SI  conversion  factor:  I Btu  = LOSS  kJ.) 

• , * 


EQUIPMENT  TOTALS 


Sas  Turbine 

36511.4 

Nominal  Size  (K8TU) 

85.000 

Number  Installed 

3 

First  Cost  (KS) 

20706.6 

20706.6 

Annual  Cost  (K$) 

3086.9 

3086.9 

Cyclical  Cost  (K$) 

12717.9 

12717.9 

Total (KS) 

36511 .4 

Steam  Boiler 

7898.5 

Nominal  Site  (MBTU) 

120.000 

Number  Installed 

3 

First  Cost  (KS) 

5391.4 

5391.4 

Annual  Cost  (K$) 

2489.0 

2489.0 

Cyclical  Cost  (KS) 

18.2 

18.2 

Total---(KS) 

7898.5 

l-Stage  Absorbtion  Chiller 

2425.9 

Nominal  Size  (‘6TU) 

12.000 

Number  Installed 

3 

First  Cost  (K$) 

811.6 

811.6 

Annual  Cost  (K$l 

888.0 

888.0 

Cyclical  Cost  (K$) 

726.3 

726.3 

Total (K$) 

2425.9 

Open  Centrifugal  Chiller 

1146.1 

Nominal  Size  (M8TU) 

12.000 

8.000 

Number  Installed 

1 

First  Cost  (KS) 

433.4 

245.9 

187.4 

Annual  Cost  (K$) 

711 .2 

370.0 

341.2 

Cyclical  Cost  (KS) 

1.6 

0.0 

1.6 

----•Total  ---(K$) 

615.9 

530.2 

Cooling  Tower 

2138.4 

Nominal  Size  (flBTU) 

100.000 

Number  Installed 

1 

First  Cost  (KS) 

661.8 

661.8 

Annual  Cost  (K$) 

90.5 

90.5 

Cyclical  Cost  (K$) 

1386.2 

1386.2 

Total (KS) 

2138.4 

Equipment  Total 

“sirrarr 

1-Year 

Peak 

Cost 

UTILITY,  ENERGY 

Cost 

Usage 

Usage 

Escalation 

(K$) 

(GBTU) 

(MBTU) 

Factor 

Gas  Tur 

303214.8 

3503.348 

585.510 

57.700 

Boiler 

16288.6 

186.199 

273.220 

57.700 

(jtlllty.  Energy  Total 

3l9S6f .4 

- Life  Cycle  Cost  For  Zi  Years  • 

369.6238  (MS) 
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Table  C2S 

Central  Plant  Life-Cycle  Cost  Summary -Configuration  P-4 
(Fuel  Oil) 

(SI  conversion  factor:  1 Btu  = l.OSSkJ.) 


EquiPHENT  TOTALS 

Gas  Turbine  36S11 .4 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (K$) 

Steam  Boiler  7898.5 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (KS) 

1-Stage  Absorbtion  Chiller  2425.9 

Nominal  Size  (M8TU) 

Number  Installed 
First  Cost  (KS) 

Annual  Cost  (K$) 

Cyclical  Cost  (K$) 

Total (K$) 

Open  Centrifugal  Chiller  1146.1 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (K$) 

Annual  Cost  (KS) 

Cyclical  Cost  (K$) 

Total--(KS) 

Cooling  Tower  2138.4 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (kS) 

Annual  Cost  (kS) 

Cyclical  Cost  (K$) 


Total---(KS) 


Equipment  Total 

501 20. 4 

UTILITY,  ENERGY 

Cost 

(KS) 

Gas  Tur 

457052.2 

Boiler 

16288.6 

Utility,  Energy  Total 

T73T40 

20706.6 

BS.OOO 

3 

20706.6 

3086.9 

3086.9 

12717.9 

12717.9 

5391.4 

36511.4 

120.000 

3 

5391 .4 

2489.0 

2489.0 

18.2 

18.2 

811.6 

7898.5 

12.000 

3 

811 .6 

888.0 

888.0 

726.3 

726.3 

2425.9 

12.000 

8.000 

1 

1 

433.4 

245.9 

187.4 

711.2 

370.0 

341 .2 

1.6 

0.0 

1.6 

615.9 

530.2 

661.8 

100.000 

1 

661.8 

90.5 

90.5 

1386.2 

1386.2 

1-Year 

2138.4 

Peak 

Cost 

Usage 

Usage 

Escalation 

(GBTU) 

(M8TU) 

Factor 

3503.348 

585.510 

42.400 

188.199 

273.220 

57.700 

- Life  Cycle  Cost  For  25  Years  ■ 523.4613  (M$) 
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Table  C26 

Central  Plant  Life-Cycle  Cost  Summary-Configuration  P-5 
(SI  conversion  factor:  1 Btu  = 1.05S  kJ.) 


EQUIPWEST  TOTALS 

Diesel  Engine 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (FS) 

Annual  Cost  (AS) 

Cyclical  Cost  («) 

Total-— (K$) 

Steam  Boiler 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (A$) 

Annual  Cost  (FS) 

Cyclical  Cost  (FS) 

Total (FS) 

1-Stage  Absorbtion  Chiller 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (FS) 

Annual  Cost  (F$) 

Cyclical  Cost  (F$) 

Total (FS) 

Open  Centrifugal  Chiller 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (F$) 

Annual  Cost  (F$) 

Cyclical  Cost  (F$) 

Total (FS) 

Cooling  Tower 

Nominal  Size  (MBTU) 

Number  Installed 
First  Cost  (FS) 

Annual  Cost  (FS) 

Cyclical  Cost  (FS) 

Total (F$)  

Equipment  Total  46933.9 

UTILITT,  ENERGT  Cost 

m 

Diesel  346584.0 

Boiler 48920.0 

Utility,  Energy  Total  395504.0 


25883.3 

85.000 

3 

25883.3 

4131.9 

4131 .9 

898.9 

898.9 

5391.4 

30914.1 

120.000 

3 

5391.4 

2489.0 

2489.0 

119.7 

119.7 

8000.1 

12.000 

8.000 

1 

3 

889.1 

270.5 

618.5 

1114.8 

296.0 

818.8 

997.4 

23.7 

973.7 

590.3 

2411 .0 

117.8 

4.000 

1 

117.8 

297.0 

297.0 

10.5 

10.5 

425.3 

100.000 

28.000  40.000 

2 

2 1 

2245.7 

1323.5 

564.1  358.2 

396.5 

180.9 

140.3  75.3 

1950.9 

1950.9 

0.0  0.0 

3455.4 

704.3  433.5 

1-Year 

Peak 

Cost 

Usage 

Usage 

Escalation 

(GBTU) 

(MBTU) 

Factor 

2656.599 

501 .435 

42.400 

565.222 

320.267 

57.700 

30914.1 


8000.1 


3001 . 3 


425.3 


4593.2 


- Life  Cycle  Cost  For  25  Years  - 442.4378  (MS) 
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OSCPER 
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USAIC  (3) 
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USAAVNC 
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CACAFL  (2) 
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USACC 
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